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INTRODUCTION 
Prior to 195^, the major private and public efforts, to 
improve the use of land and water resources were undertaken 
at two extremes; one, at the individual farm level where 
assistance with conservation problems was provided through 
programs such as those sponsored by the Cooperative Exten­
sion Service, the Soil Conservation Service, the Agricul­
tural Stabilization and Conservation Service and the 
Farmers Home Administration, and two, at the large river 
basin level where the multipurpose approach to water man­
agement has been used such as in the Tennessee Valley, the 
Missouri River Basin and the Columbia River Basin. 
The individual farm approach to soil and water manage­
ment problems proved to be inadequate in situations where 
these problems extended beyond the physical bounds of indi­
vidual farms and beyond the planning horizons of farm oper­
ators. At the other extreme, the multipurpose river basin 
approach was concerned mainly with water management and use 
for various purposes including navigation, hydroelectric 
power, irrigation and flood control, and did not give de­
tailed attention to soil and water problems within smaller 
tributaries. 
The enactment of legislation in 1954 pertaining to 
small watersheds meant that research was needed to provide 
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new sources of Information for individuals and agencies 
dealing with soil and water management problems within these 
smaller tributaries. The present study is one of several 
included in a continuing research project initiated by the 
Iowa Agricultural and Home Economics Experiment Station and 
aimed at providing information relevant to the efforts being 
devoted to small watershed development programs throughout 
the nation. 
The Watershed Protection 
and Flood Prevention Act 
The first recognition of a need to control water runoff 
and soil erosion problems within small tributaries came un­
der the provisions of the Flood Control Act of 1936, With 
the approval of Congress, planning to control soil and water 
problems in eleven watersheds throughout the nation, cover­
ing about 30 million acres, began in 194?, Further recogni­
tion and Federal action came in 1953 when Congress appropri­
ated $5 million for work on 60 pilot watersheds, with the 
objective of demonstrating the benefits of combining soil 
and water conservation on the land, with upstream flood-
prevention structures. Final recognition of the need for a 
program to bridge the gap between traditional programs 
aimed at serving individual farms and those aimed at large 
river basins, came in 1954 when Congress passed the Water­
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shed Protection and Flood Prevention Act (Public Law 5^6) 
which has become known as the Small Watershed Act (33). 
The Small Watershed Act places the initiative and con­
siderable responsibility for undertaking watershed projects 
on the local people. Basically the program provides for 
government assistance in planning works of improvement, gov­
ernment cost sharing on control structures and loans to lo­
cal organizations for developing small watersheds.^ As­
sistance is available for handling problems which require 
group action for their control and which cannot feasibly be 
installed under other current Federal programs. Emphasis is 
placed upon cooperation among local, State and Federal agen­
cies in carrying out works of improvement for soil and water 
conservation. 
Considerable interest in the small watershed program to 
date is evidenced by the fact that since 195^» projects have 
been authorized for operation in all 50 states and in Puerto 
Hico, As of October 1, 1963, a total of 920 watersheds in­
volving approximately 61.8 million acres were authorized for 
Hinder Public Law 566, a watershed eligible for as­
sistance is limited to a maximum size of 250,000 acres and 
individual structures are limited to a maximum of 5000 acre 
feet capacity. 
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planning assistance.2 As of the same date, an additional 
1073 applications had been received by the Secretary of 
Agriculture. The total local, State and Federal expendi­
tures under the watershed program as of June 30, 1963, have 
been estimated at #792^5 million. 
In the State of Iowa, 20 watershed projects involving 
313.6 thousand acres were in operation as of October 1, 
1963. An additional 11 projects had been authorized for 
planning and a further 26 applications had been forwarded to 
the Secretary of Agriculture for approval. Total expendi­
tures on watershed projects in Iowa as of June 30, 1963, 
have been estimated at #15.9 million. 
The United States Department of Agriculture, in its 
national inventory of soil and water Conservation needs, es­
timates that watershed projects of various sorts are needed 
in 8372 watersheds throughout the United States, covering 
slightly more than one billion acres (30), In the State of 
Iowa, the estimated project needs would involve 201 water­
shed projects covering approximately 34,9 million acres. It 
has been estimated that the total cost of the first 450 wa­
tershed projects in the United States was $668 million, re-
3, N, Lane, Acting Director, Watershed Planning Divi­
sion, Soil Conservation Service, Washington, D, C, Status 
of small watershed program. Private communication, 1964. 
suiting in a cost of approximately $26 per acre (4). Assum­
ing that only 50 percent of the needed projects were to be 
completed by the year 2000 and that the cost per acre was 
$30, total expenditures of approximately $15 billion would 
be necessary to complete the work. In Iowa alone, the nec­
essary expenditure involved would amount to approximately 
#523.5 million. These estimates indicate a significant po­
tential capital outlay for future watershed development. 
Iowa Agricultural and Home Economics 
-y*. 
Experiment Station Research 
The enactment of Public Law 566 immediately pointed to 
a need for research to provide information to planning agen­
cies regarding land and water use within small watersheds. 
In response to such a need, the Iowa Agricultural and Home 
Economics Experiment Station in cooperation with the Econom­
ics Research Service, U.S.D.A., initiated a research project 
in 1954 to study various aspects of small watershed develop­
ment. The project (1266) is interdisciplinary in nature, 
involving the Departments of Agricultural Engineering, Agron­
omy and Economics and Sociology, As initially stated, the 
project seeks to develop information regarding (1) physical 
and economic consequences of alternative patterns of land 
use, (2) allocation of benefits and costs resulting from de­
velopment plans, and (3) alternative means of organizing, 
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financing and maintaining development plans (11, p. 5). 
The first study under the cooperative research project 
was undertaken on a pilot scale in the Nepper Watershed, a 
480 acre drainage area located in Monona County, Iowa (11). 
The purpose of this study was to become familiar with water­
shed problems as they are actually encountered, and to de­
velop and test research procedures before applying them in 
larger areas. Several land use systems^ were defined for 
each of the soil types found In the watershed and were eval­
uated in terms of their effect on watershed runoff. This 
procedure permitted the Identification of critical source 
areas which contributed to runoff and hence, to flooding and 
gully erosion. Following the budgeting of the individual 
land use systems, six alternative patterns of resource use 
were assumed for the entire watershed. 
The six patterns varied from an extensive cropping sys­
tem with no conservation practices, Improvements or ferti­
lizer application In the first case to an intensive cropping 
system with profitable conservation practices, improvements 
and fertilizer applications in the sixth case. Control 
land use system Is defined as representing a given 
crop rotation; adoption or non adoption of land use prac­
tices or ImprovementsJ and application or non application 
of commercial fertilizer. A change In a land use system la 
Implied when any change in one or more components of the 
defined system occurs. 
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structures were given consideration as alternatives to re­
ducing watershed runoff for three of the six resource use 
patterns. Each resource use pattern was then evaluated in 
terms of its resulting net returns to watershed partici­
pants, where net returns were defined as gross crop output 
minus associated production costs, minus associated hydro-
logic damages. 
Using the data developed in the initial study as a 
basis, a second investigation attempted to formulate optimal 
development programs for the Nepper Watershed, using the 
technique of linear programming.^ The analysis indicated 
that the annual expenditure of $3706 recommended by the 
Little Sioux Watershed program in the benchmark year 1948, 
for land treatment and structures, could have yielded an­
nual benefits of only $2085. Using the linear programming 
technique for specifying optimal development plans, the 
study indicated that a similar expenditure would yield to­
tal annual benefits of #11899, resulting in annual net ben­
efits of #8193, With no limit on expenditure, an optimum 
annual outlay of 15716 would yield total annual benefits of 
#1^384 and hence, annual net benefits of $9688, 
^Complete results of the study are given in (22) with 
other forms of the results being reported in (21, 23, 24, 
25). 
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A third investigation under the interdisciplinary proj­
ect involved an analysis of the Spring Valley Creek Water­
shed, a 523^ acre drainage area in Mills County in south­
western Iowa. The first phase of the study was concerned 
with developing profit maximizing plans for individual farms 
within the watershed (1). The second phase of the study 
dealt with the hydrologie analyses as related to each of the 
following situations; 
1) Where watershed land use and treatment measures 
representing predevelopment management systems 
were assumed, 
2) Where watershed land use and treatment measures 
were specified by profit maximizing farm plans 
derived by assuming the predevelopment level of 
capital was available. 
3) Where watershed land use and treatment measures 
were specified by profit maximizing farm plans 
derived by assuming that capital was used to the 
extent that the last unit received a 5% return. 
Results of the hydrologie analyses indicated that nei­
ther gully nor on-site flood damages would accrue to sus­
tained predevelopment land use and treatment measures, but 
that annual damages in the amount of #185 would be dlstrib-
9 
uted among 5 public bridges,^ It was further illustrated 
that the adoption of either set of individual optimal soil-
conserving farm plans would greatly decrease water runoff 
from the watershed. Possibilities of potential gully de­
velopment and on-site flooding would in general be decreased 
and annual damages to 5 public bridges would be reduced by 
more than #100. 
The Role of the Present Study 
Results of the studies which have been briefly reviewed 
provide evidence that supports the effectiveness of changes 
in land use systems as a means of controlling watershed run­
off, In the case of the Nepper Watershed, the introduction 
of level terraces along with increased fertilizer applica­
tion and mechanical conservation practices proved to be a 
reasonably effective alternative to structures in preventing 
gully erosion and floodwater damages, while at the same time 
contributing to increased on-farm net returns (22, pp. 158-
179). In the case of the Spring Valley Creek Watershed, 
while no serious hydrologie damages were found to be associ­
ated with predevelopment management systems, the analysis 
^Details of the methods used and the results of the 
study are reported in (14) while a more general presenta­
tion is given by (l6). 
10 
Indicated that the adoption of profit maximizing farm plans 
would greatly decrease watershed runoff (l4, pp. 19^-195). 
In view of the costly nature of physical structures 
that are used to stabilize soil erosion and retard potential 
floodwaters, information such as provided by the above 
studies is of significant importance. An examination of 
work plans that have been developed under the provisions of 
Public Law 566 seem to indicate considerable reliance upon 
structures as a means of controlling watershed runoff. To 
the extent that changes in land use and treatment measures 
serve as an effective alternative to structural measures, a 
potential saving in future Federal and State expenditures 
would seem possible. In watersheds where conditions are 
such that land use and treatment measures would be adequate 
to control hydrologie damages, effective conservation plans 
could be implemented under existing Federal and State pro­
grams other than those of Public Law 566. 
A second important aspect of the above research on 
watershed planning is that it has revealed the importance 
of giving consideration to the total income effects of al­
ternative plans as well as to the hydrologie effects. In 
addition to having influence on watershed runoff, any meas­
ures of control are also likely to have effects on farm in­
come via changes in the type and amount of agricultural pro­
duction, Results of the studies mentioned, indicated that 
11 
in addition to having significant positive effects upon dam­
age control, the changes in land use and treatment measures 
that were specified by optimal plans also increased the net 
revenue of the watershed participants. 
The importance of the interaction between the income 
and hydrologie variables within watersheds and its implica­
tions for small watershed development plans, suggested the 
need for further research in order that the foundation for 
any recommendations could be strengthened. Selection of 
the Hound Dog Creek Watershed, a 3100 acre drainage area in 
Fremont County, southwestern Iowa, was made to provide 
a basis for the extended investigation. The conceptual 
framework guiding the investigation and the results of the 
analyses are the contents of the remainder of this report. 
12 
CONCEPTUAL FRAMEWORK 
A Watershed Defined 
A watershed may be defined in physical terms as a se­
lected geographic area within which there is a common move­
ment of water into a given stream, m addition to enclosing 
a specific area of common drainage, a watershed may be con­
sidered as an economic and social entity wherein one or more 
firms representing private or public interests pursue their 
economic and social objectives subject to the existing in­
stitutional framework. 
The usual situation in small agricultural watersheds 
finds individual farms engaged in some form of agricultural 
production with the public sector being represented by one 
or more county or city governments. Urban and industrial 
Interests are also occasionally present but these instances 
are in a minority. The interests of participants in agri­
cultural watersheds are generally of an Interrelated nature 
due to the movement of soil and water across property lines. 
Since the manner in which an individual farm operator man­
ages his land can influence the movement of soil and water 
and its associated problems, the actions of any one operator 
may have consequences beyond the bounds of his own property. 
This is the well known situation referred to in the economic 
literature as the existence of external economies and dis-
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economies of production, or more recently with reference to 
water resource projects as the existence of "spillover" ef­
fects (18, pp. 134-135). 
In watersheds which experience the existence of severe 
Inter-farm hydrologie damages due to the movement of soil 
and water across property lines, It has been suggested that 
for purposes of analyses, the group of watershed partici­
pants be considered as a "watershed flrm".^ To the extent 
that hydrologie damages can be measured In monetary terms 
and can be located with respect to their source and conse­
quence areas, such damages can be treated In a definitive 
manner In the economic analyses of watersheds. The "water­
shed firm" concept provides an entity within which the bene­
fits and costs of alternative economic activities Including 
externalities, can be analyzed. 
The most common hydrologie damages that prevail in 
small watersheds include gully and sheet erosion in upland 
areas, flooding in bottomland areas and sedimentation caus­
ing damages to stream channels, bridges and roads. Efforts 
to overcome hydrologie damages that may occur are often 
frustrated by the fact that the costs and benefits that 
would result from the adoption of proper control measures 
^The concept of a "watershed firm" was developed by 
Tlmmons (28). 
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may be spatially dissociated,7 por example, In order to 
prevent continued flooding of bottomland areas it may be 
necessary to install one or more floodwater retarding 
structures in the lower upland area. However, in such a 
case there will be no incentive for a landowner in the up­
land area to undertake such an investment because all of the 
resulting benefits will be received by the owner of the 
bottomland property on whose land the flooding has been pre­
vented. Thus, the dissociation of benefits and costs may 
preclude desirable investments in control measures in spite 
of the resulting benefits being greater than the costs. 
The existence of problems of the above mentioned nature 
means that such problems cannot be adequately handled 
through individual action but require group or cooperative 
action for their solution. It was precisely for such con­
ditions that the Watershed Protection and Flood Prevention 
Act was passed as evidenced by the following quote; (34 
sec. 2, p, 1) 
^Significant watershed problems must exist.... 
Significant watershed problems are considered 
to be those which affect and require action 
for their solution by groups of landowners, 
communities and the general public through 
cooperation of local, State and Federal Gov-
^The major classes of dissociations of costs and bene­
fits that may occur In watersheds are discussed by Tlmmons 
(28, pp. 1178-1179). 
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emments. They are problems which would still 
exist in measurable degree after individual 
landowners and operators had achieved use of 
their land within the limits of private and 
public resources available to them." 
Watershed Development 
Watershed development may be defined in general terms 
as any reorganization of existing resources or organization 
of additional resources which results in increased welfare 
to the community of watershed participants. A general def­
inition of this nature imposes the task of further defining 
the concept of "increased welfare" in order that it be mean­
ingful, A point of departure is to consider "increased wel­
fare" in terms of the Pareto criterion which states that any 
reorganization is welfare increasing if one or more persons 
make gains and no person experiences losses. In this con­
text, any watershed reorganization which increases net re­
turns to one or more participants and does not decrease the 
net returns to any of the participants, would be consistent 
with the definition of watershed development. However, the 
restriction that none of the participants can experience a 
decrease in net returns makes the definition unsatisfactory 
because many proposals for reorganization involve a reduc­
tion In net returns to some participants as well as an in­
crease In net returns to others. 
The definition of watershed development may be broad­
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ened by introducing what is referred to as the Kaldor crite­
rion, which states that any reorganization is welfare in­
creasing if those who gain, evaluate their gains at a higher 
figure than that which the losers place upon their losses 
(2, p. 69), Compensation need not necessarily be made under 
this criterion but its potential must exist. 
This investigation proposes that an appropriate defi­
nition of watershed development is one which applies the 
compensation principle to the above criterion. Thus, water­
shed development may be defined as any reorganization of 
existing resources or organization of additional resources 
which results in increased net returns to one or more water­
shed participants, with no participants experiencing losses 
as assured by application of the compensation principle.® 
The Norm for Watershed Planning 
The norm for watershed development used in this study 
is that allocation of private and public resources which 
subject to the relevant restrictions, will maximize the 
®It is recognized that such a definition implicitly 
avoids the question of income distribution. The alternative 
would be to formulate an explicit set of value judgements 
regarding distribution^ from which a social welfare function 
could be developed and by which the distributional effects 
of any reorganization could be measured definitively. Al­
though the latter approach may be more appealing from a con­
ceptual viewpoint, It Is difficult to formulate for opera­
tional purposes and Is not attempted In this Investigation, 
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present value of future streams of net returns to the group 
of watershed participants over a specified planning period,9 
Consistent "with the previous definition of watershed devel­
opment, the norm implies that no one participant may experi­
ence a financial loss as a result of any reorganization. 
Possible watershed participants include individual farm 
firms, Fremont County, State and Federal governments and po­
tential downstreams (non-watershed) beneficiaries. 
Current watershed planning under Public Law 566 treats 
the physical confines of a watershed as the relevant area 
Within which to consider land and water problems. Although 
watersheds are defined as geographic areas within which 
there is a common movement of water into a stream, the eco­
nomic activity of some of the participants may have a por­
tion of its physical basis located beyond the bounds of the 
drainage area. This fact raises a question regarding the 
appropriateness of considering the Income effects of alter­
native land use on only the watershed portions of individ­
ual farms. Evidence Is given In a study by Landgren that 
such procedure may not be consistent with maximizing net 
returns to watershed participants (14, pp. 151-157). The 
%et returns are defined as the gross value of output 
from crops and livestock, minus the variable costs of pro­
duction, minus the associated hydrologie damages. 
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intuitive reason for such a possibility is that when only 
watershed portions of farms are planned for optimal land 
use, the organization of non-watershed portions may be dis­
rupted to the extent that total net returns to the farm may 
actually be decreased as a result of the plans. The occur­
rence of this phenomenon can be due to the interdependence 
of the crop and livestock activities in contributing to net 
farm returns. Therefore, this investigation considers total 
farm net returns from both crops and livestock, regardless 
of whether individual farms are completely within the water­
shed bounds or embrace both watershed and non-watershed sec­
tors. 
The planning period selected for evaluation is 50 years 
which is consistent with the 50 year maximum evaluation per­
iod used by the Soil Conservation Service in developing 
plans for watersheds under Public Law 5^6 (31, p. 10). This 
period is suggested as being representative of the economic 
life of such projects which is limited by several factors 
including obsolescence, depreciation, and the uncertainty of 
projecting future costs and benefits. 
The Individual Farm Approach 
to Watershed Planning 
One approach to watershed planning is to develop farm 
plans which will maximize the present value of net returns 
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to individual farms, disregarding the effects on off-farm 
locations. In watersheds which do not experience any ser­
ious inter-farm hydrologie damages as a result of individual 
farm planning, the norm for watershed planning would be 
achieved largely by this approach.10 Maximization of the 
present value of future net returns to the group of water­
shed participants would result when each individual farm 
firm associated with the watershed followed a plan which 
would maximize its own present value of future net returns. 
The degree to which individual farm planning can 
achieve the goals of watershed development depends upon the 
extent and nature of the damages existing prior to develop­
ment and the amount by which profit maximizing farm plans 
can reduce existing damages. Optimal farm plans previously 
developed for farms with similar soil types in western Iowa, 
have suggested increases in the percentage of land devoted 
to row crop, accompanied by decreases in the percentages de­
voted to small grains and meadow (1, pp. 95^-957). A change 
in this direction alone, would be likely to increase water­
shed runoff due to higher runoff coefficients associated 
with row crops as opposed to small grains and meadow, How-
l^The absence of serious inter-farm damages also im­
plies no damages to public facilities such as roads and 
bridges• 
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ever, the suggested change in favor of Increased percentages 
of row crops was accompanied by large increases in terrace 
construction and heavier application of commercial fertiliz­
ers which in total, more than offset the increased runoff 
affects of land use changes, thereby reducing total water­
shed runoff. 
The "Watershed Firm" Approach 
to Development Planning 
The norm selected for watershed planning may not be 
achieved in watersheds that experience severe inter-farm 
hydrologie damages such as gully erosion, sedimentation and 
flooding, when each farm acts to maximize its own net net 
returns. Changes in land use and treatment measures speci­
fied by individual farm plans, may not sufficiently reduce 
watershed runoff so as to effectively control the associated 
damages. Control structures will then have to be given con­
sideration as an alternative means of reducing water runoff 
damages. 
It was noted previously that the existence of inter-
farm problems due to the movement of soil and water across 
property lines, results in a spatial dissociation of costs 
and benefits.11 Under these conditions, control measures 
Usee p. 14. 
21 
which may be profitable from the standpoint of the group of 
watershed participants, may not be profitable to an Individ­
ual. The property owner who possesses the logical site 
area for a control structure, may not be the owner of the 
property to whom the benefits will accrue. Hence, the Indi­
vidual land owner possessing the site area will have no In­
centive to undertake the necessary Investment. On the other 
hand, the property owner to whom the benefits would accrue, 
does not hold the property rights for the structural site 
and hence, cannot make the desired Investment. In order 
that the norm for watershed development can be realized In 
the presence of similar conditions, the basis of associating 
the benefits and costs from any potential Investment must be 
established. 
The basis for associating benefits and costs from a 
given outlay of resources within a watershed rests on the 
concept of source-consequence areas (11, p. 5). A water­
shed may be divided Into sub-areas based on common hydro-
logic soil-cover complexes,1% These sub-areas may be 
considered as "source" and "consequence" areas depending 
upon whether they are areas contributing to, or areas re-
^ A hydrologie soil cover complex is defined as a 
combination of (a) a group of soils having the same runoff 
potential under similar storms, and (b) a specific land 
cover (32, 5,1-6), 
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clplent of hydrologie damages, respectively. Hence, any 
source area may at the same time be a consequence area upon 
which damages or benefits from other source areas or from 
Itself are registered. Source-consequence areas may be fur­
ther Identified by farm so that any change In a l^d use 
system on a given farm, can be measured In terms of Its off-
farm effect on hydrologie damages as well as Its on-farm ef­
fects on agricultural output and hydrologie damages. 
More specifically, when evaluating a change In a land 
use system on any sub-area for purposes of considering It 
as a feasible activity In planning, benefits would Include 
the following; Increased on-farm output, decreased on-farm 
production costs, and decreased on-farm and off-farm hydro-
logic damages. Analagously, costs would Include any capital 
outlays necessary for damage control measures, on-farm de­
creases In output, on-farm Increases In production costs, 
and any Increases In on-farm and off-farm hydrologie dam­
ages. Thus, the source-consequence area concept provides a 
basis for reassoclatlng benefits and costs resulting from 
development plans through some form of cost sharing arrange­
ment. In addition, since these areas are Identified by 
farm, they provide a basis for evaluating the total income 
(output and hydrologie) effects of alternative watershed 
plans. 
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Objectives of the Study 
The present study, as a contribution to a continuing 
program on watershed development research, seeks to develop 
information that is complementary to the knowledge gained 
from previous studies and is consistent with the informa­
tional needs of public and private planning agencies engaged 
in watershed planning. The Hound Dog Creek Watershed, a 
3100 acre drainage area in Fremont County, southwestern 
Iowa, was selected to provide a basis for the investigation. 
The choice of this watershed was guided by two major consid­
erations; one, a preliminary examination of the watershed 
gave evidence of the presence of soil and water management 
problems, and two, it is located In an area in which exten­
sive agronomic and hydrologie research has been previously 
conducted. 
The two major objectives of the study may be stated as 
follows: 
1) To determine the extent to which the development 
of Individual farm plans through an optimal re­
organization of the present available resources. 
Is consistent with the norm selected for water­
shed development 
2) To determine the implications for watershed de 
velopment of increasing the availability of cap­
ital and labor on farms associated with the 
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watershed. 
The major objectives as stated are with reference to a 
specific watershed, however, the achievement of these objec­
tives will simultaneously provide information on related 
matters of more general significance which could have impli­
cations for future watershed planning and research. 
Procedures for Achieving the Objectives 
A brief outline of the procedures used to achieve the 
objectives is presented in this section. Details of these 
procedures will be elaborated in the following Chapters. 
In order that alternative development plans could be 
compared with a benchmark set of plans, it was necessary to 
determine the net returns that accrued to watershed partic­
ipants during a predevelopment period, A field survey of 
all farms associated with the watershed was taken in July, 
1961, from which a part of the necessary data for the study 
was obtained. Using information taken from the schedules 
regarding cropping systems being followed, mechanical con­
servation practices being used and land treatment measures 
in effect, along with complete soil maps provided by the 
Soil Conservation Service and experimental yield data as de­
veloped by the Agronomy Department, Iowa State University, 
crop yield estimates were developed for the predevelopment 
period. Adjusted historical prices were used to estimate 
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average net crop revenue by farm for this period. Net 
revenue from livestock production was also estimated from 
field schedule data and the use of adjusted historical 
prices. 
The major hydrologie damages associated with predevel-
opment management systems included sheet and gully erosion, 
and floodwater damages to crops. Sheet erosion, in terms of 
annual soil loss in tons per acre, was computed by using the 
Browning factors. Estimates of gully erosion in terms of 
annual acres voided and depreciated, were provided by the 
Soil Conservation Service. Annual floodwater damage esti­
mates were derived from a method based on the use of storm 
hydrographe and flood routing procedures as developed by 
the Department of Agricultural Engineering, Iowa State Uni­
versity. Details of the procedures used to estimate hydro-
logic damages will be included in the following Chapter, 
The procedures as briefly outlined above, were those 
used to develop a benchmark with which alternative develop­
ment plans could be compared. 
The second major step necessary to achieve the study 
objectives involved development of profit maximizing plans 
for all farms associated with the watershed. Two basic 
sets of plans were developed; one, where the identical 
quantity of resources to that being used during the pre-
development period was available for planning, and two. 
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where additional capital was made available to the extent 
that the returns on the last unit used were equal to the 
cost of borrowing the unit. Cost-benefit analysis was used 
to screen alternative program activities and the technique 
of linear programming was applied to select the optimal com­
bination of alternatives, subject to the relevant restraints 
that were obtained from information available in the field 
schedules. 
The hydrologie damages that were associated with the 
two sets of optimal plans were determined by estimating wa­
tershed runoff that resulted from the new land use systems 
specified by the optimal plans. Due to specific relation­
ships between watershed runoff and hydrologie damages, an 
increase or decrease in such damages would result depending 
upon whether changed land use systems Increased or decreased 
respectively, the runoff index for the contributing water­
shed area. 
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DESCRIPTION OP THE WATERSHED 
Physical and Geographic Characteristics 
Location 
Hound Dog Creek Watershed is located in Fremont County, 
Iowa, which is situated in the extreme southwest corner of 
the state. The drainage area of 3l4o acres as defined for 
this study is composed of one left bank tributary of the 
Nishnabotna river, entering at a point shortly below the 
confluence of the East and West Nishnabotna rivers. The wa­
tershed is a sub-area of the larger 2995 square mile 
Nishnabotna River Basin located in southwestern Iowa. (Fig­
ure 1) 
Climate 
The climate in the area is of the extreme mid-
continental type. The average frost-free growing season is 
162 days with the first killing frost in the autumn usually 
occurring about the second week in October. Extreme tem­
peratures range from -37°P to +109°P. The average annual 
precipitation in the area is 33.6 inches and the mean snow­
fall is 26.9 inches. 
Soils and topography 
Table 1 gives a breakdown by acres of the major soil 
types that are prevalent in the watershed, Marshall and 
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Figure 1, Location of Hound Dog Creek Watershed 
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Table 1. Acreages of major soil types within Hound Dog 
Creek Watershed^ 
Acres Percent of total 
UDland soils 
Monona 1340.1 43.2 
Marshall 610.2 19.7 
Glenwood 186.8 6.0 
Shelby-Adair-Clarinda 58.1 1.9 
Dow 55.6 1.8 
Ida 7.2 .2 
Waterway and bottomland soils 
Colo-Zook 483.7 15.6 
Castina-Napier complex 271.3 8.8 
Judson 51.8 1.7 
McPaul-Dorchester 29.7 1.0 
Dark alluvial complex 4.8 .1 . 
Total 3099.3 100.0 
^Excludes 40.2 acres devoted to roads in the watershed. 
Monona are the predominant upland soils, together accounting 
for approximately 65 percent of all soils in the watershed. 
These two soils were developed under prairie vegetation from 
the Wisconsin loess and are found on ridges and gently roll­
ing slopes. They are moderately to highly fertile, well 
drained soils, however, they are susceptible to severe sheet 
and gully erosion under improper management. 
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The Colo-Zook soils group and the Castina-Napier com­
plex account for the majority of the bottomland soils. 
These soils were developed primarily from alluvial and col-
luvial materials eroded from the upland soils. The bottom­
land soils are moderately permeable and are the better pro­
ducing soils in the watershed under normal moisture condi­
tions. 
The topography of the watershed is characterized by 
narrow ridges and gently rolling to rolling slopes. Table 2 
gives the acreages of the various slope groups by soil type. 
The majority of the upland soils are found in the 9-13.9 
percent slope range with extreme slopes reaching a maximum 
of 25 percent. All bottomland soils have slopes of less 
than five percent. 
Land use 
The principal uses of land in the watershed during the 
predevelopment period are given in Table 3. Approximately 
63 percent of the watershed area was in cropland with the 
other 37 percent being accounted for by permanent pasture, 
waste and woodland, farmsteads and roads. The area desig­
nated as waste and woodland, which Includes eroded areas 
that are idle, accounted for about 23 percent of the total 
area, indicating to some extent the seriousness of past land 
voiding and depreciation resulting from gully erosion. 
Table 2, Acreages of major soil types by slope groups within Hound Dog Creek 
Watershed 
Slope groups 
over 17.9# 0-1.92 2-4.9# 5-8.9% 9-13.9# 14-17.9# 
(acres) (acres) (acres) (acres) (acres) (acres) 
Upland soils 
Monona 27.3 206.1 805.3 235.1 66.3 
Marshall 231.7 322.8 55.7 
Glenwood 38.3 97.7 44.8 6.0 
Shelby-Adair-ClarInda 58.1 
Dow 14.3 41.3 
Ida 4.7 2.5 
Subtotal 0 259.0 567.2 1035.8 323.7 72.3 
Waterway and bottomland soils 
Colo-Zook 483.7 
Castlna-Napler complex 
J udson 
McPaul Dorchester 29.7 
Dark alluvial complex 
Subtotal 513.4 
Total acres by slope 
group 513.4 
Slope group as per­
cent of total 
watershed acres 16.6 
271.3 
51.8 
4.8 
327.9 
586.9 567.2 1035.8 
18.9 18.3 33.4 
323.7 
10.5 
72.3 
2.3 
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Table 3. Principal uses of land during the predevelopment 
period, Hound Dog Creek Watershed 
Land use Acres Percent of 
total acres 
Cropland 
Row crops 1189.7 37.8 
Small grain 272.6 8.7 
Meadow 510.7 16.4 
Subtotal 1973.0 62.9 
Other 
Permanent pasture 364.7 11.6 
Waste and woodland 717.8 22.8 
Farmsteads 43.8 1.4 
Boads 40.2 1.3 
Subtotal 1166.5 37.1 
Total 3139.5 100.0 
An important factor affecting crop production and the 
amount of water runoff within a watershed is the amount of 
terracing that exists in the upland areas. Table 4 indi­
cates the acres that were terraced by slope group for each 
of the major soil types in the upland areas of Hound Dog 
Creek Watershed as of 1961, The amount of terracing as a 
percent of the acreage within slope groups decreased con­
sistently from a high of approximately 54 percent for the 2-
4,9 percent slope group to a low of approximately seven per-
Table 4. Acres terraced on upland soils by slope group and soil type, Hound Dog 
Creek Watershed 
2-4.9# 5-8.9% 
Slope group 
9-13.9# 14-17.9# over 17.9# 
Soil type 
Total 
acres 
Ter­
raced 
acres 
Total 
acres 
Ter­
raced 
acres 
Total 
acres 
Ter­
raced 
acres 
Total 
acres 
Ter­
raced 
acres 
Total 
acres 
Ter­
raced 
acres 
Monona 27.3 17.7 206.1 75.5 805.3 290.8 235.1 86.8 66.3 4.9 
Marshall 231.7 122.5 322.8 185.4 55.7 0.0 0.0 — 0.0 -
Glenwood 0.0 — 38.3 0.0 97.7 15.5 44.8 0.0 6.0 0.0 
Shelby-Adalr-
Clarlnda 0.0 — 0.0 — 58.1 29.2 0.0 — 0.0 — 
Dow 0.0 - 0.0 - 14.3 10.7 41.3 11.2 0.0 -
Ida 0.0 
- ' 0.0 - 4.7 1.6 2.5 1.2 0.0 -
Total acres by 
slope group 259.0 140.2 567.2 260.9 1035.8 347.8 323.7 99.2 72.3 4.9 
Percent of 
acres ter­
raced by 
slope group 54.1 46.0 33.6 30.6 6.8 
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cent for areas with slopes exceeding 18 percent. One ex­
planation for this relationship is the fact that a larger 
percentage of land in the lower slope groups was devoted to 
cropland than was the case for the steeper slope groups, 
Predevelopment Land Tenure and 
Management on Watershed Farms 
Prior to the presentation in the next section of proce­
dures used and estimates made of predevelopment net revenue 
from agricultural production, a brief summary of land tenure 
and land use management systems in effect during this period 
is presented. Consistent with the norm for watershed plan­
ning as selected for this Investigation, all references and 
descriptions of individual farms will be made to include wa­
tershed and non-watershed sectors of farms unless otherwise 
specified. 
Land tenure and farm size 
Figure 2, showing the watershed and individual farm 
boundaries indicates that all or parts of 21 farms are con­
tained within the watershed bounds. Six of these farms have 
all of their land within the watershed while the remaining 
15 have land both within and outside the watershed. Farm 
number 21 had only four acres of its land within the water­
shed thus it is disregarded in the subsequent analyses since 
this acreage represents an insignificant fraction of total 
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Figure 2. Farm operating unite and land tenure arrange­
ments, Hound Dog Creek Watershed 
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watershed acreage and also a small percentage of total acres 
in farm number 21. There are no urban areas located within 
the watershed bounds. 
Eleven of the farms were owner-operated, five were 
operated under crop-share lease arrangements and four were 
operated under livestock-share lease arrangements. The av­
erage size of farm by tenure type was 179 acres for owner-
operators, 262 acres for crop-share leased farms and 363 
acres for livestock-share leased farms. 
Land use 
A summary of the land use occurring on each farm asso­
ciated with the watershed during the predevelopment period 
is outlined in Table 5. The total area of 4748 acres in­
cluded approximately 3377 acres of cropland with the remain­
der consisting of permanent pasture, farmsteads, and wood­
land and waste. An examination of cropland acres indicates 
the emphasis placed on corn production where the average 
annual number of acres devoted to com was approximately 
2150 acres or 64 percent of total cropland acreage. Meadow 
and oats accounted for 685 and 433 acres respectively, while 
small acreages were devoted to soybeans, wheat, and in the 
case of one farm, rye. 
Table 5 -  Principal land use by farm during the predevelopment period, non-
watershed and watershed sectors included, Hound Dog Creek Watershed 
Acres Acres Acres Total 
Farm Cropland acres per­ farm­ wood­ farm 
number Com Soy­ Oats Mead­ Wheat Rye manent steads land acres 
beans ow pasture and 
waste 
1 141.7 0.0 0.0 0.0 3.7 0.0 71.6 2.1. 10.2 229.3 
2 248.2 25.2 8.9 24.4 0.0 0.0 138.9 4.1 4.8 454.5 
3 116.9 0.0 0.0 0.0 17.1 3.4 0.0 0.0 17.6 155.0 
4 21.2 0.0 0.0 0.0 0.0 0.0 4.4 1.0 0.0 26.6 
5 173.1 0.0 5.5 9.5 0.0 0.0 9.7 4.1 70.8 272.7 
6 9.0 0.0 4.5 8.9 0.0 0.0 13.8 2.4 2.9 41.5 
7 53.9 0.0 10.0 12.1 0.0 0.0 7.8 2.9 29.6 116.3 
8 0.0 0.0 0.0 136.7a 0.0 0.0 0.0 1.6 41.0 179.3 
9 129.9 0.0 25.6 60.5 0.0 0.0 12.5 8.1 57.4 294.0 
10 0.0 0.0 0.0 101.4a 0.0 0.0 6.4 2.1 66.9 176.8 
11 47.7 23.9 23.9 23.9 0.0 0.0 21.8 3.3 40.6 185.1 
12 28.6 0.0 14.3 14.4 0.0 0.0 11.9 3.7 30.8 103.7 
13 101.2 0.0 38.4 24.5 0.0 0.0 48.3 3.0 58.4 273.8 
14 61.0 0.0 26.3 34.4 0.0 0.0 26.6 4.1 4.7 157.1 
15 122.7 0.0 61.3 80.1 0.0 0.0 123.5 4.5 89.0 481.1 
16 144.7 1.4 48.6 56.0 0.0 0.0 0.0 2.2 55.6 308.5 
17 251.9 0.0 0.0 0.0 5.3 0.0 2.4 2.2 38.5 300.3 
18 215.2 0.0 71.7 71.7 0.0 0.0 18.9 3.7 30.2 411.4 
®A11 cropland acres were in the Conservation Reserve, 
Table 5 (Continued) 
Farm 
number Com Soy­
beans 
Cropland acres 
Oats Mead­
ow 
Wheat Rye 
Acres 
per­
manent 
pasture 
Acres 
farm­
steads 
Acres 
wood­
land 
and 
waste 
Total 
farm 
acres 
19 203.7 0.0 67.9 0.0 16.4 0.0 16.4 2.1 62.0 352.1 
20 78.9 0.0 26.3 26.3 29.1 0.0 0.0 1.3 67.0 228.9 
Total 2149.5 50.5 433.2 684.8 55.2 3.4 534.9 58.5 778.0 4748.0 
Per­
cent 
of 
total 
farm 
acres 4$.4 1.0 9.1 14.5 1.1 .1 11.2 1.2 l6.4 100.0 
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Conservation practices 
Information was obtained from field schedules relating 
to the extent of fertilizer use, the acres of cropland that 
were being contoured and the acres that had been terraced 
during the predevelopment period. A brief summary of this 
Information Is contained In Table 6, 
Precise Information on the amounts of fertilizer that 
were being applied was difficult to obtain, however, an ac­
count of the annual number of cropland acres that were being 
fertilized during the predevelopment period was made. As 
Indicated In Table 6, 13 of the 20 farms followed the prac­
tice of using fertilizer. Among the remaining seven farms 
not applying fertilizer, two of these had all their crop­
land In the Conservation Reserve, thus having no cropland 
to fertilize. The figures show that among those farms on 
which fertilizer was applied, the application was made on 
100 percent of the cropland acreage on eight of these 
farms. The examination of fertilizer application practices 
among farms associated with the watershed suggests that In­
dividual farms tended to either apply no fertilizer, or, to 
extend application to the majority of their cropland acres. 
The number of acres that had been terraced on Individ­
ual farms as of 1961, was determined from Information ob­
tained from the field schedules, and from the soil maps and 
supplementary data provided by the Soil Conservation Serv-
Table 6, Conservation practices used by individual farms during the predevelop-
ment period, Hound Dog Creek Watershed 
Farm Total Crop­ Percent Total Upland Percent of Upland Percent of 
number crop­ land of crop­ upland acres upland crop acres upland 
land acres land fer­ crop ter­ acres ter­ con­ acres con­
acres ferti­
lized 
tilized acres® raced raced toured® toured 
1 145.4 0.0 M  5.2 0.0 0.0 0.0 0.0 
2 306.7 248.5 81.0 43.2 41.0 94.9 43.2 100.0 
3 137.4 137.4 100.0 0.0 — — • — -
4 21.2 0.0 — 0.0 — — — — 
5 188.1 54.8 29.1 131.2 20.3 15.5 20.3 15 i5 
6 22.4 22.4 100.0 11.5 8.2 71.3 8.2 71.3 
7 76.0 0.0 — 60.0 0.0 0.0 0.0 0.0 
8 136.7 _ c — 120.3 97.0 80.6 97.0 80.1 
9 216.0 193.1 89.4 109.9 46.2 42.0 109.9 100.0 
10 101.4 _ c — 101.4 85.2 84.0 85.2 84.0 
11 119.4 0.0 — 117.7 96.9 82.3 96.9 82.3 
12 57.3 0.0 - 47.9 0.0 0.0 0.0 0.0 
^Includes the following soil types; Monona, Marshall, Glenwood, Shelby-
Adair-Clarinda, Ida and Dow. 
^Includes all terraced upland acres plus all additional unterrace# upland 
that is contoured. 
®A11 cropland acres were in the Conservation Reserve, 
Table 6 (Continued) 
Farm Total Crop­ Percent Total Upland Percent of Upland Percent of 
number crop­ land of crop­ upland acres upland crop acres upland 
land acres land fer­ crop ter­ acres ter­ con- acres con­
acres ferti­ tilized acres® raced raced toured® toured 
lized 
13 164.1 164.1 100.0 164.1 100.0 60.9 164.1 100.0 
14 121.7 121.7 100.0 121.7 24.0 19.7 102.7 84.4 
15 264.1 264.1 100.0 242.8 109.9 45.3 242.8 100.0 
16 250.7 243.3 97.0 250.7 157.4 62.8 212.0 84.6 
17 257.2 257.2 100.0 257.2 50.7 19.7 257.2 100.0 
18 353.6 358.6 100.0 347.3 239.9 69.1 347.3 100.0 
19 271.6 271.6 100.0 269.7 246.2 91.3 262.2 100.0 
20 160.6 131.5 81.9 156.4 79.2 50.6 156.4 100.0 
Total 3376.6 2359.3 69.8 
CM 
•
 
00 CVJ 
1402.1 54.8 2205.4 78.2 
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ice. The data presented in Table 6 indicate that the amount 
of'terracing completed, listed as a percent of total upland 
acres, varied by farm from a low of zero to a high of 95 
percent. Considering total upland crop acres on all farms, 
approximately 55 percent of the area had been terraced. 
The number of acres that are listed as having been con­
toured during the predevelopment period are due in a large 
part to the amount of terracing that had been completed 
since any land that is terraced must be tilled on the con­
tour. However, considerable contouring was practiced on 
unterraced upland as evidenced by an increase of 800 acres 
contoured in excess of terraced acres, resulting in 78 per­
cent of all upland acres being contoured. 
Net Revenue from Crop 
and Livestock Production 
Consistent with the concepts developed in the previous 
Chapter, net revenues from crop and livestock production 
were estimated by farm for the predevélopment period to form 
a base for the comparison of alternative development plans. 
Crop revenues were estimated for whole farms (both water­
shed and non-watershed sectors) In those cases where a farm 
contained land both within and outside the watershed 
bounds. The following two sections present the procedures 
used and the estimates made for predevelopment net revenues 
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on farms associated with the watershed. 
Net revenue from crop production 
Using Information obtained from field schedules In ad­
dition to detailed soil maps provided by the Soil Conserva^ 
tlon Service, land within farms was divided Into smaller 
units, such units being homogeneous with respect to the fol­
lowing characteristics; soil type, soil slope, antecedent 
erosion, crop sequence, and conservation practices. These 
homogeneous units provided the basis for estimating yield 
productivity on each of the watershed farms and are also 
subsequently used in estimating damages due to sheet and 
gully erosion, and for individual farm planning. 
Figure 3, showing a portion of farm number 11, Illus­
trates an example of the division of a specific land area 
into homogeneous units. The area is composed of four farm 
fields and has land both within and outside the physical 
bounds of the watershed. The land area has been divided 
into a total of 42 units varying in size from 0,6 acres to 
15 acres, with each unit differing from every other unit 
by one or more of the characteristics mentioned, in addi­
tion to being identified by field, farm, and watershed or 
non-watershed sector.13 For example, unit numbers 185 and 
l^All units smaller than one acre in size were aggre­
gated whenever possible with the contiguous unit possessing 
the greatest number of common characteristics. 
,1006 /I098j&& 
u.4r^ ^  ..-•••..x 14 
' V / j 188 189 \ 
\ : \ 
1010 
11021 
•* 1016 \| \ ••. 
; \ 
f.102^'^.^ 
194 ^9QÎ' r • • 
\207i 
190 \191 I .193 
I >•••••. R « H  ^  •immJ #  »  m  
-199 ..•••V»?---201 " 
• ; / 
•. X 202 
:200\ / 
!kk '\ 
/) : 209 •••' dvo X |: y j, 
11111'l 11 il'fi 1111111 n 111 n 11111 Hints 
LEGEND 
FARM BOUNDARY — WATERSHED BOUNDARY 
ROAD millllllllll SOIL TYPE 
TERRACE BOUNDARY FIELD BOUNDARY — 
FARMSTEAD UNIT NUMBER EX. 1006 
Figure 3, Illustration of homogeneous land units, farm 
number 11, Hound Dog Creek Watershed 
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136 located within the same field, are similar to each other 
with respect to historical cropping sequence, antecedent 
soil erosion and conservation practices, but differ from 
each other with respect to soil type and slope, and hence 
have different crop yield productivities. Unit number 185 
has Monona soils with nine percent slope while unit number 
186 is composed of Marshall soils with six percent slope. A 
total of 638 homogeneous units were identified within the 
watershed and an additional 270 units were defined on non-
watershed sectors of farms associated with the watershed. 
Per acre yield estimates for six crop rotations in 
combination with specific conservation practices and ferti­
lizer applications on the major watershed soil classes^^ 
were derived from experimental yield data published by the 
Agronomy Department, Iowa State University, and are pre­
sented in Appendix A, Table 29. Using this data in combi­
nation with the commodity price and variable production cost 
figures as given in Appendices C and A respectively, a 
weighted average procedure was used to estimate the average 
annual net crop revenue figure for each farm for the pre-
^^A soil class refers to a specific combination of soil 
type, soil slope and antecedent erosion. 
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development period,^5 The procedure used may be represented 
algebraically as 
(1) Aijk (%ijkFj ' ^ijk^/^c» ^ 20 
where 
= average annual net revenue from crop production on 
the 1^^ farm 
^ijk ~ acreage of the i^h unit devoted to the jth crop in 
the k^h field 
^ijk ~ ylelG per acre of the crop on the 1^^ unit in 
the k^h field 
Cijjj = total variable costs per acre of producing the jth 
crop on the i^h unit in the k^h field 
Pj = price per unit received for the crop 
Nq = the number of crop years 
^The average annual net revenue estimates for crop 
production were based on the number of years required to 
complete the crop rotation in effect on a given field rather . 
than on the fixed period of five years (1957-1961) as de­
fined for the predevelopment period. Although the chosen 
length of period varies within as well as between farms, it 
was considered to be the appropriate period to use in esti­
mating average annual crop income since the use of a fixed 
period would tend to bias the estimates on those fields 
having a length of rotation which differed from that of the 
fixed period. 
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Estimates of average annual gross crop revenue, vari­
able crop production expenses and net crop revenue are given 
by farm in Table 7. Complete information was not available 
with respect to land outside the watershed operated by 
three farms, numbers 1, 3 and 20. The land outside the wa-
tershed that was operated by these units was not contiguous 
with land holdings inside the watershed but was located sev­
eral miles from the watershed area. In all instances the 
watershed portions of these three farms entailed a rather 
small percentage of the total land operated, hence any land 
use organizational changes suggested on watershed portions 
would not be likely to seriously disrupt the organization of 
non-watershed farm enterprises. Thus, for purposes of esti­
mating predevelopment net revenues and also for developing 
alternative watershed conservation plans, consideration was 
given to land use only on the watershed portions of these 
three farms. 
Net revenue from livestock production 
Hogs and beef cattle were the main classes of livestock 
found on farms within the watershed. There were no Grade A 
milk producers and only two farms kept dairy cattle for 
butterfat production. Sheep were raised on one farm and 
some farms kept small poultry flocks mainly for domestic 
use. 
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Table 7. Predevelopment average annual net revenue from 
crop production on farms associated with Hound 
Dog Greek Watershed 
Farm Gross crop Total variable Net crop 
number revenue crop costs revenue 
(dollars) (dollars) (dollars) 
(1) (2) (3) (4) 
1 5881 1023 4858 
2 19181 4326 14855 
3 9273 2214 7059 
4 863 148 715 
5 8967 2168 6799 
6 1106 320 786 
7 2364 540 1824 
8 — — 22078 
9 11814 3277 853?" 
10 - - 19258 
11 4552 1043 3509 
12 2103 468 1635 
13 9384 2667 6717 
14 6466 1741 4725 
15 12631 4294 8337 
16 13917 4002 9915 
17 16379 5375 11004 
18 18411 6168 12243 
19 15540 4938 10602 
20 7557 2449 5108 
®A11 cropland acreage was in the Conservation Reserve, 
therefore, net crop revenue is given as the annual payment 
made under this program. 
The information necessary to estimate average annual 
net revenue from livestock production for the predevelopment 
period was more difficult to obtain than in the case of crop 
production. Since detailed farm records were not available 
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for each operating unit, livestock and livestock product 
sales for the years 1957 to 1961 could not be accurately 
recalled by the farm operators In the majority of cases. In 
view of these circumstances, the following procedure was 
used to estimate average annual net livestock revenue by 
farm for the predevelopment period. 
All sales of livestock and livestock products by class, 
weight and grade during i960, which resulted from purchases 
made for feeding and sale or livestock raised for feeding 
and sale within the year, were recorded. In the case of 
livestock raised or purchased In i960 to be sold In 1961, 
sales prior to the date of Interview (August 1961) were re­
corded, and an Inventory of sales to be made from the same 
stock during the remainder of 1961 was taken. In the case 
of the latter, the farm operator* s estimate of the time of 
sale and the weight and grade at sale were recorded. This 
Information regarding classes of livestock, weights, grades 
and dates of sale was combined with the livestock prices as 
given In Appendix C, Table 33 and the Input-output coeffi­
cients for the various livestock enterprises given in Appen­
dix B, Table 32, to calculate average annual net revenue 
from livestock for the predevelopment period. 
The method outlined to estimate net revenue from live­
stock production has used a production cycle period as the 
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appropriate period upon which to base annual estimates rep­
resentative of the predevelopment period. In the case of 
some short run type enterprises such as spring litter hogs 
for example, all transactions associated with production and 
sale would normally take place within the calendar year. 
However, in the case of certain other livestock enterprises 
such as feeder cattle, transactions which began in i960 
would not be completed until 1961. Thus, due to the differ­
ences in the length and seasonal nature of production among 
the various livestock enterprises, it was deemed appropri­
ate to use the above procedure for calculating the annual 
net revenues from livestock production which are given by 
farm in Table 8, Farmers were also asked whether their cur­
rent livestock program was typical of that in existence dur­
ing the previous four years. In cases where significant 
changes in types and numbers of livestock had occurred, the 
estimates of average annual livestock net revenue were ad­
justed in an attempt to make the estimates representative 
of the predevelopment period 1957-1961, 
Predevelopment Hydrologie Damages 
Sheet erosion 
Severe sheet erosion associated with predevelopment 
land use systems was evident in much of the upland area of 
the watershed. The most severe sheet erosion occurred on 
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Table 8, Predevelopment average annual net revenue from 
livestock production on farms associated with 
Hound Dog Creek Watershed 
Farm Gross live­ Total variable Net livestock 
number stock revenue livestock costs revenue 
(dollars) (dollars) (dollars) 
(1) (2) (3) (4) 
• 1 
2 
_ a 
1946 1755 191 
3 _ a - -
4 1352 918 434 
5 • 4089 3104 985 
6 4708 3710 998 
7 2482 1753 729 
8 0 0 0 
9 4609 3931 678 
10 3748 2679 1069 
11 19004 13958 5046 
12 _ b — 
13 27975 22776 4299 
14 19343 14337 5006 
15 18425 13734 4691 
16 2766 2101 665 
17 3002 2415 587 
18 9937 7395 2542 
19 1854 1671 183 
20 _ a 
®Net revenue from livestock was not estimated for 
this farm. See explanation p. 4?. 
^Nb Information available regarding predevelopment 
livestock program. 
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the steeper slopes where few or no conservation practices 
were employed. The amount of soil lost due to sheet erosion 
associated with predevelopment conditions was computed by 
using the Browning factors. Details of the procedure used 
are given by Thompson (27, PP. 317-321). The factors in­
volved in computing annual soil loss in tons per acre in­
clude soil type, soil slope, slope length, antecedent ero­
sion, crop rotation and conservation practices. The com­
puted soil losses in annual tons per acre are given in 
Appendix E for the six crop rotations in combination with 
alternative conservation practices on the major upland soil 
classes in the watershed. Using these estimates, a weighted 
average annual soil loss in tons per tillable upland acre 
was calculated for each farm. 
The procedure used to estimate the figures as given in 
. Table 9 may be represented by 
n 
(2) Li = T A4S4/N, j = 1, 2 , , . . . 20 where 
J i=l 
Lj = average annual soil loss in tons per tillable 
upland acre on the j^h farm 
A^ = acreage in the i^h field on the farm 
= soil loss in annual tons per acre occurring in 
the ith field on the jth farm 
N = total tillable upland acres on the farm. 
As indicated by Table 9, soil loss per farm due to 
sheet erosion under predevelopment land use systems varied 
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Tablé 9. Annual soil loss per tillable upland acre due to 
sheet erosion on farms associated with Hound Dog 
Creek Watershed 
Farm Soil loss Farm Soil loss 
number (tons) number (tons) 
1 93.1 11 5.2 
2 6.2 12 23.5 
3 0.0* 13 3.2 
4 o.oa 14 5.3 
5 37.1 15 5.4 
6 5.3 16 3.9 
7 57.Ih 17 15.2 
8 _ D 18 4,4 
9 5.5. 19 2,8 
10 _ b 20 5.8 
*No tillable upland acres. 
^All tillable upland acres in Conservation Reserve 
Program, 
from a low amount of 2.8 tons per acre annually occurring on 
farm number 19, to a high of 93.1 tons per acre annually on 
farm number 1, Although it is recognized that continuous 
high rates of sheet erosion contribute to a decline in soil 
productivity over time, no attempt was made to place a mon­
etary value on such losses. 
Gully erosion 
Gully erosion was found to be a serious problem 
throughout the uplands of the watershed, causing both void­
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ing and depreciation of cropland and non-cropland areas. 
Voiding refers to the physical removal of soil from the gul 
lied area while depreciation is considered to result when­
ever land reverts to a less intensive use due to the in­
accessibility of areas for normal farm operations and the 
dissection of fields into small unfarmable units. 
Estimates of the annual acres voided and depreciated 
within each subdrainage area were made by the Soil Conser­
vation Service, Figure 4 indicates the areas within which 
gully erosion was found to be a significant problem. The 
Soil Conservation Service estimates were developed by using 
sets of 1938 and 1955 stéresocopic aerial photographs for 
the watershed (29, PP. 23-24), Overlays were used to plot 
the growth of each gully during the period 1938-1955. This 
procedure provided the basis for estimating the annual rate 
of gully growth for this period. Adjustments in these es­
timates were made to account for any changes in land use 
and treatment measures that occurred during the period 1955-
1960. Using these adjusted estimates as the expected rate 
of future gully growth, areas were delineated on an overlay 
> 
to indicate the land that would be voided and depreciated 
during the future 50 year evaluation period, assuming a 
continuation of predevelopment land use systems. All land 
areas susceptible to voiding were assumed to change from 
their present use to idle areas and all cropland areas sus-
55 
LEGEND 
WATERSHED DOUNDARY SUgWATERSHED BOUNDARY 
INTERMITTENT STREAM — ACTIVE GULLY EROSION ## EX.# 
NISHNASATNA RIVER = SUSWATERSHEP INPENTIflCATIONt 
EX. A 
Figure 4, Identlflcatloa of active gully erosion within 
subwatersheds, Hound Dog Creek Watershed 
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ceptlble to depreciation were assumed to change from their 
present use to permanent pasture for purposes of this inves­
tigation. In damage reaches where future gully advance 
would be limited by structures having stabilizing walls and 
floors, no areas above these points were considered as po­
tential voided area. 
Table 10 gives the Soil Conservation Service estimates 
of potential land voiding and depreciation in terms of an­
nual acres for each of the potential gully growth areas 
shown in Figure 4, assuming sustained predevelopment land 
use systems during the evaluation period. The homogeneous 
soil units within potential areas of voiding and deprecia­
tion were used to calculate a weighted average net return 
per acre on such areas within each damage reach. Using 
these estimates and the Soil Conservation Service estimates 
of annual physical loss caused by voiding and depreciation, 
the total average annual monetary damage within each reach 
was calculated in the manner of 
(3) B. = V 2 (aTrL/N^ + D T (AiR?)/Na, j = 1,2,....10 
J i=l i=l 
where 
Ej = average annual monetary damage due to land void­
ing and depreciation in the jth damage reach 
V = annual acres voided in the jth damage reach 
Table 10, Axmual physical and monetary gully damages due to land voiding and depre­
ciation under continued predevelopment land use systems, Identified by 
subwatershed and damage reach, Hound Dog Creek Watershed 
Present 
Sub- Gully $ net revenue Annual # Total value of 
water- damage Annual acres per a. on land damage due to annual # annual $ 
shed reach Voided® Deprec.8 Voided Deprec. Voiding Deprec, damage damage^ 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
A 1 .04 .28 9.23 8.99 .37 2.52 2.89 856 
B 2 .28 .97 15.29 10.57 4,28 10.25 14.53 4,303 
C 3 .25 .56 6.72 9.76 1.68 5.46 7.14 2,115 
D 4 .28 .60 25.53 15.70 7.15 9.42 16,57 4,908 
5 .03 .20 14.81 14.39 .44 2.88 3.32 983 
E 6 .40 .63 16.72 20.24 6.69 12.75 19.44 5,758 
P 7 .40 .40 27.11 22.11 10.84 8.84 19.68 5,829 
G . 8 .68 .92 16.37 17.40 11.13 16.01 27.14 8,038 
H 9 .70 1.60 4.61 12.09 3.23 19.34 22,57 6,685 
I 10 .40 .60 0.0 2.86 0.0 1.72 1.72 509 
Total 3.46 6.76 - - 45.81 89.19 135.00 39,984 
Source: Martin H. Meyer, Agricultural Economist, Soil Conservation Service, 
Des Moines, Iowa. Gully erosion estimates, Hound Dog Creek Watershed, Fremont 
County, Iowa, Private communication. 1963. 
^"^The equivalent of the present value of an annuity Increasing a constant amount 
each year over a 50 year period, using a discount rate. 
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D = annual acres depreciated in the damage reach 
= acreage of the i^h unit in the area susceptible 
to voiding in the damage reach 
= per acre net return on the i^h unit in the area 
susceptible to voiding in the damage reach 
- acreage of the 1^^ unit in the area susceptible 
to depreciation in the damage reach 
= per acre net return on the i^h unit in the area 
susceptible to depreciation in the damage reach 
Ny = total acres in the area of potential voiding in the 
jth damage reach 
= total acres in the area of potential depreciation 
in the j^h damage reach 
The present value of future gully damage in each reach 
was considered to be the present value of net returns fore­
gone over the evaluation period. This Is equivalent to 
finding the present value of an annuity increasing each year 
by a constant amount over the 50 year evaluation period, and 
may be represented by 
Pj = [îfe (^)2 " (1^)3 
J = 1,2,,..,10 where 
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Pj = the present value of future gully damage in the 
damage reach 
Ej = average annual monetary damage due to land voiding 
and depreciation in the damage reach 
r = the rate of discount, .05 
N = the period of evaluation, 50 years 
Table 10 presents the estimates of gully damages within 
the watershed that could be expected to occur over the 50 
year evaluation period, assuming a continuation of predevel-
opment land use systems on farms contributing water runoff 
to gully erosion areas. The total annual acres of potential 
land voiding and land depreciation for the entire watershed 
amounted to 3.46 acres and 6,76 acres respectively, result­
ing in total annual damages of $135. The present value of 
these damages occurring continuously over the 50 year eval­
uation period amounts to $39,984. 
A division of estimated gully damages as they would 
occur by farm is made in Table 11, A total of 12 farms 
would be subject to potential gully erosion in one or both 
forms of land voiding and depreciation. However, actual 
dollar damages would be associated with only nine farms due 
to the fact that voiding and depreciation on three of these 
12 farms would take place on land already considered waste 
and hence producing no revenue. The annual estimated dam­
ages per farm ranged from a low of #,6l on farm number 11, 
Table 11. Axmiial physical and monetary gully damages due to land voiding and depre­
ciation under continued predevelopment land use systems, identified by 
farm. Hound Dog Creek Watershed 
Annual 
Present $ net revenue # Total value of 
Farm Annual acres per a. on land damage due to annual # annual # 
number Voided Deprec. Voided Deprec. Voiding Deprec. damage damage® 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
7 .16 .10 0.00 0.00 
9 .14 .35 2.43 10.03 .34 3.49 3.83 1,134 
10 .08 .17 0.00 0.00 — ' - - - -
11 .03 .18 1.00 3.22 .03 .58 .61 181 
12 .03 .07 0.00 16.71 0.00 1.17 1.17 347 
13 .43 .97 3.86 8.30 1.66 8.08 9.74 2,885 
15 .91 1.73 17.36 13.49 15.80 23.34 39.14 11,592 
16 .27 .93 5.81 17.57 1.57 16.34 17.91 5,304 
17 .37 .64 15.38 21.36 5.69 13.67 19.36 5,734 
18 0.0 .02 0.00 0.00 — — - -
19 .09 .33 0.00 3.45 - 1.14 1.14 338 
20 .95 1.27 21.81 16.83 20.72 21.38 42.10 12,469 
Total 3.46 6.76 — 45.81 89.19 135.00 39,984 
®The equivalent of the present value of an annuity increasing a constant 
amount each year over a 50 year period, using a 5% discount rate. 
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to a high of $42.10 on farm number 20. Nearly 90 percent of 
the total estimated potential gully damages would be concen­
trated within four farms. 
Floodwater damages 
Indications from local farmers and Soil Conservation 
officials were that damage to crops resulting from floodwa-
ters periodically occurred in the downstream area of the 
watershed, adjacent to the main lateral which crosses the 
bottomlands of the Nishnabotna river. High rates of water 
runoff from upland areas could not be carried across the 
bottomlands due to an inadequate channel. As a result, 
floodwaters tended to spread over the floodplain causing 
minor to severe damages depending upon the intensity and 
duration of the particular storm. Floodwater problems were 
further complicated by the fact that floodwaters spreading 
over the bottomlands became trapped there due to a levee 
along the Nishnabotna river which had only one outlet. 
Therefore, any floodwater that spread over the bottomlands, 
covered the area for a longer duration than would have oc­
curred in the presence of adequate outlets or in the absence 
of a levee along the Nishnabotna river. The elevation on a 
small area of floodplain was lower than the elevation of the 
outlet; meaning that the water did not drain from this area 
after a flood, but remained on the land until it disappeared 
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by infiltration. 
The approach that was used to estimate average annual 
floodwater damages in Hound Dog Creek Watershed was based on 
procedures that have been developed by Palmer. The first 
procedure is one whereby peaks and volumes of surface runoff 
from small watersheds can be predicted from point rainfall 
data (20). Excess rainfall amounts from any given storm are 
routed by use of a synthetic watershed unit hydrograph to 
obtain the peak runoff rate and the runoff volume. The 
procedure which is adapted to an electronic computer, is a 
general procedure and is quite flexible in that quantitative 
runoff predictions can be made under a variety of assump­
tions regarding rainfall amounts and distribution, infiltra­
tion losses, and the shape of the hydrograph, the latter 
being determined by three watershed parameters; watershed 
size, the mean slope of the main stream and the length of 
the main stream. 
The second procedure, which was developed by Palmer for 
application to the present study, involved adapting a flood 
routing program for Hound Dog Creek Watershed to the elec­
tronic computer (19), Knowing the time distribution of ex­
cess rainfall entering the bottomlands as determined by the 
first procedure, this amount for any one storm could be 
routed through the floodplaln by use of the second proce­
dure, in order that area-duration estimates of flooding 
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could be made for individual storms. As noted previously, 
any runoff which could not be carried across the bottomlands 
by the existing channel, tended to become trapped there tem­
porarily due to the existence of a levee along the 
Nlshnabotna river. Prom the standpoint of estimating the 
area and time of inundation from any one storm, the problem 
was similar to that of determining the volume of storage per 
unit of time, by routing each storm through a reservoir, the 
reservoir in this case being the floodplaln of Hound Dog 
Creek Watershed, 
The precipitation data used in the analysis was the. 
"excessive" precipitation data published by the U. S, 
Weather Bureau, which publish this data for several loca­
tions in Iowa and the surrounding states. Records from the 
U, S. Weather Bureau station at Omaha, Nebraska were used 
since the watershed is considered to be located in the same 
meterologically homogeneous area as the station. Precipi­
tation data was available at this station for a 68 year 
period, 1893-1960. Although the criterion for defining 
"excessive" precipitation as used for the selection of 
storms by the U, S, Weather Bureau is somewhat arbitrary, 
experience with runoff records from small watersheds has in­
dicated that this criterion would result In selecting all 
storms which would be likely to cause flood damages, the 
verification of this experience in the case of Hound Dog 
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Creek Watershed will be subsequently illustrated. 
The area of bottomland in Hound Dog Creek Watershed 
which was subject to inundation by floodwaters, contained no 
farmsteads or other private or public facilities, therefore, 
floodwater damages resulted exclusively from damage to crop 
production. The extent of damage to crops caused by flood-
waters is believed to be related to a number of factors such 
as type of crop, the season, and flood characteristics such 
as depth, temperature, velocity of flow, sediment load, and 
duration. In the present analysis, the physical damages to 
any crop due to flooding were assumed to be primarily a 
function of the season of the year and duration of flooding. 
Since continuous com was the only crop rotation grown on 
the bottomland area subject to flooding, it was necessary to 
consider only, the effects of flooding on com. Table 12 
indicates the physical and monetary damages that could be 
expected to result from various durations of flooding, for 
two periods of the year, April 1 - May 31 and June 1 -
September 30. A linear interpolation was made to determine 
the percent yield reduction and the dollars damage per acre 
"caused by durations of flooding which were Intermediate to 
those given in the Table. Damage estimates were made for 
both fertilized and non-fertilized com production as both 
existed on the acreage subject to flooding under predevelop-
ment land use. Since all flooding occurred on a oommoo 
Table 12. Physical and monetary damages per com acre due to flooding, by season 
and duration. Hound Dog Creek Watershed 
Flood duration 
24 hours 72 hours 
Season % yield reduc- Dollars dam- % yield reduc- Dollars dam-
tlon per acre age per acre tlon per acre age per acre 
April 1 - May 31 
Com - no fertilizer 
Com - fertilized 
Replant plus 
a ZQfo yield 
reduction 
10.51 
16.42 
Replant plus 
a 20^ yield 
reduction 
10.51 
16.42 
June 1 - September 30 
Cora - no fertilizer None 
Com - fertilized None 
0.0  
0 .0  
100# 
100# 
35.42 
55.60 
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bottomland soil, It was not necessary to estimate flood dam­
ages for com grown on alternative soil types. 
Application of the procedures described above permitted 
making an estimate of the dollars damage that would have oc­
curred with each storm over the historical period. The esti­
mates were made by routing the excess rainfall amounts for 
each storm through the floodplain to obtain an area-duration 
curve, then combining this data with the Information In 
Table 12, to arrive at the dollars damage. A total of 378 
"excessive" storms were recorded by the U, S. Weather Bureau 
station at Omaha for the period 1893-1960, However, as In­
dicated In Table 13, only 44 of these storms were of suffi­
cient magnitude to cause flood damages under the assumptions 
which have been outlined in this analysis. Damages from in­
dividual storms ranged from a high of 1463.75 to a low of 
|2,25 and resulted in an average annual damage for the his­
torical period, of #101.40. Assuming that the future pat­
tern of precipitation would be similar to that experienced 
over the historical period, this figure is also an estimate 
of average annual floodwater damages that would be associ­
ated with a continuation of predevelopment farm plans over 
the future planning period. All damages due to flooding 
would occur on farm number five. While some of the storms 
would Inundate land on two additional farms, the period of 
Inundation would be too short to cause damages. 
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Table 13. Ploodwater damages associated with predevelopment 
land use systems, by storms over a 68 year period 
Hound Dog Creek Watershed 
Storm 
number 
Dollars 
damage 
Storm 
number 
Dollars 
damage 
(1) ( 2 )  (3) (4) 
1 
2 
I 
I 
7 
8 
9 
10 
II 
12 
13 
14 
ÎI 
17 
18 
19 
20 
21 
22 
463.75 
425.60 
366.70 
294.70 
277.20 
272.30 
244.90 
212.30 
211.50 
208.06 
194.49 
189.70 
189.70 
189.70 
189.70 
189.00 
188.30 
184.80 
183.25 
178.35 
176.25 
170.73 
% 
fe 
27 
28 
29 
30 
31 
32 
34 
36 
37 
38 
39 
40 
41 
42 
43 
44 
Total damages 
Number of years precipitation record 
Average annual damages 
162.60 
151.46 
139.00 
135.10 
129.80 
121.20 
114.09 
104.15 
95.74 
84.00 
76.25 
70.20 
65.19 
58.75 
50.60 
43.20 
36.45 
22.80 
16.95 
8.75 
6.00 
2.25 
6895.11 
68 
101.40 
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The fact that some of the storms resulted in identical 
dollars damage as indicated in Table 13, requires further 
explanation. For any given storm, the area inundated and the 
time of inundation is a function of the volume.of runoff from 
that storm and also the time period within which the rainfall 
occurred. Thus, while any two storms could differ as to the 
volume of runoff and the duration of storm, it is possible 
that the critical point where damages are assumed to begin* 
that the areas inundated by both storms would be the same. 
In the event that runoff had discontinued by this time, it 
would require the same amount of time for floodwaters from 
each storm to recede, hence, resulting in identical damages. 
During any years in which more than one storm occurred 
that would result in damages, it was necessary to make a 
downward adjustment in the damages associated with any 
storms following the first, in order to avoid double count­
ing. 
Net Returns Under Predevelopment Plans 
Net returns have been defined in this investigation as 
the gross value of output from crops and livestock, minus 
the variable costs of production, minus the associated hy­
drologie damages, or, simply as net revenue minus hydrologie 
damages. The present section summarizes the net returns by 
Individual farm and for the aggregate of farms in the wa­
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tershed, that would be associated with a continuation of 
predevelopment farm plans during a 50 year evaluation peri­
od. These predevelopment estimates serve as a basis for 
comparison of net returns resulting from the alternative 
farm plans which are developed in the following Chapter. 
Table l4 indicates that the average net returns per 
farm during the predevelopment period, and hence, the 
average annual net returns per farm that could be e^giected 
over the future 50 year period under continued predevelop-
. ment plsjis, were #7446. The net returns per farm ranged 
from a low of #1634 on farm number 12, to a high of $1504? 
on farm number two. 
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Table l4. Predevelopment annual net returns on farms asso­
ciated with Hound Dog Creek Watershed 
Farm Net Gully erosion Ploodwater Net 
number revenue® damages^ damages returnso 
(dollars) (dollars) (dollars) (dollars) 
(1) (2) (3) (4) (5) 
1 4859 0.0 0.0 4859 
2 15047 0.0 0.0 15047 
3 7059 0.0 0.0 7059 
k 1146 0.0 0.0 1146 
5 7784 0.0 101.40 7683 
6 1784 0.0 0.0 1784 
7 2553 0.0 0.0 2553 
8 2207 0.0 0.0 2207 
9 9207 3.83 0.0 9203 
10 1065 0.0 0.0 1065 
11 8555 .61 0.0 8554 
12 1635 1.17 0.0 1634 
13 11017 9.74 0.0 11007 
14 9731 0.0 0.0 9731 
15 13028 39.14 0.0 12989 
16 10579 17.91 0.0 10561 
17 11591 19.36 0.0 11573 
18 14784 0.0 0.0 14784 
19 10419 1.14 0.0 104l8 
20 5107 42.10 0.0 5055 
Total 148924 
Average per farm 7446 
^Column (4), Table 7 plus column (4), Table 8, 
^Column (8), Table 11, 
®Hsted to the nearest dollar. 
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OPTIMAL PIANS FOR INDIVIDUAL WATERSHED FARMS 
Planning Considerations 
The optimal planning of Individual farms associated 
with a watershed has been suggested as one means of achiev­
ing the norm selected for watershed development. This ap­
proach Involves the preparation of profit maximizing farm 
plans for each Individual farm, without taking account of 
off-farm hydrologie effects In the planning process. The 
contents of the present chapter outline the procedures used 
and the results of Individual farm planning as applied to 
Hound Dog Creek Watershed, 
The preparation of profit maximizing plans for Individ­
ual farms Involved the combined use of two well known tech­
niques, benefit-cost analysis and linear programming. 
Benefit-cost analysis was used to screen all potential en­
terprises considered for an Individual farm to assure that 
such activities would result In positive net baieflts over 
the evaluation period. The technique of linear program­
ming was then applied to select that combination of activ­
ities which would maximize the present value of net bene­
fits, subject to the relevant restrictions. In the case of 
activities requiring a fixed capital Investment such as a 
particular crop activity In combination with terrace con­
struction, the screening process involved the discounting 
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of benefits and maintenance cost streams to the present to 
assure that positive net benefits would result. In the 
case of typical crop and livestock activities where the 
fixed costs necessary for their production were assumed to 
be given, the screening process involved assuring that the 
particular activity would have annual gross revenue that 
w a s  g r e a t e r  t h a n  a n n u a l  v a r i a b l e  p r o d u c t i o n  c o s t s . A l l  
activities which passed the above test of economic feasi­
bility were then allowed to enter the linear programming 
model. 
A 5 percent and a 2.5 percent rates of discount were 
used to evaluate private and public expenditures respective­
ly, over the evaluation period. These rates are consistent 
with those used by the Soil Conservation Service In devel­
oping watershed plans under Public Law 5^6, however their 
use In this Investigation does not Imply the unquestioning 
acceptance of these rates as being Ideal. The controversy 
over the proper rate of discount to be applied In evaluating 
private and public expenditures In land and water resource 
development Is fully discussed In other sources and Is not 
l^The terms net benefits and net revenue as applied 
above, differ only In that net benefits is used with refer­
ence to activities which Involve an Initial construction 
cost, whereas net revenue Is used with reference to activ­
ities where the fixed investment necessary for their pro­
duction Is assumed to already exist. 
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pursued in this investigation (6, pp. $4-104; 13, pp. 78-
127; 18, pp. 116-126; 12, pp. 22-24). 
The programming problem as viewed for a given farm may 
be represented in matrix notation as 
1) maximize f(x) = C'X subject to 
2) AX < S 
3) X > 0 where 
f(x) refers to the present value of net revenue,C refers 
to a transposed column vector of net prices, X refers to a 
column vector of program activities, A is a matrix of input-
output coefficients and S is a column vector of resource 
supplies. 
Optimal plans for individual farms were developed for 
two basic sets of conditions: 
1) Where farms were assumed to possess the same 
level of resources as they were using during 
the predevelopment period, (Optimal plans A) 
2) Where capital borrowing was Introduced In the 
program, with the restriction that the returns 
on the last unit of capital used could not 
exceed the cost of borrowing that unit. Labor 
hiring was also permitted in this case. (Optimal 
plans B) 
A set of optimal farm plans for a situation intermedi­
ate to the above two sets of conditions was also computed. 
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namely, where the predevelopment level of resources was as­
sumed but labor hiring was permitted. Since in many cases 
the solution to this set of programs did not differ greatly 
from the solution under the first set of conditions, the 
results for this Intermediate set of plans is not pre­
sented, A more preferable approach would have been to use 
a variable resource programming model where sets of plans 
could have been read at several levels of capital intensity. 
However, at the time the farm plans were being developed, a 
variable resource machine program was not available for the 
IBM 7074, thus, plans were developed for only two levels of 
capital intensity. 
Program models were developed in such a manner as to 
be consistent with the general practices of farm operators 
in the watershed area. There were no large cattle feedlot 
operators in the area and the majority of farmers indicated 
that they did not follow the practice of purchasing com 
for livestock feed, but tended to adjust their livestock 
numbers to be consistent with their own com production. 
Therefore, a corn purchasing activity was not included in 
the programming models. An active market for hay did ap­
pear to exist in the area, hence both hay selling and hay 
purchasing activities were included, A more detailed out­
line of prices, activities and resource restrictions used 
In planning individual farms is contained in the following 
75 
section. 
Three land tenure arrangements existed among farms in 
the watershed; owner-operator, crop-share lease and 
livestock-share lease. The criterion used when planning an 
individual farm under a lease arrangement was maximum net 
revenue to the firm. Under certain desirable lease condi­
tions this criterion is consistent with maximizing net rev­
enue to either the tenant or the landlord.1? An examination 
of the leasing arrangements indicated that such desirable 
conditions were not seriously violated, hence, making the 
criterion of maximum firm net revenue an appropriate one. 
Basic Programming Data 
Prices 
The prices used in computing optimum farm plans are 
given in Appendix C. These prices were derived in such a 
manner as to maintain historical price relationships of all 
products with com, while adjusting these prices to a com 
price level of $1.10 per bushel. The procedure used to de­
rive these prices may be represented by 
l^The revenue to the landlord and tenant must be based 
upon the marginal value productivity of the resources which 
each contributes. The detailed specifications necessary to 
meet this requirement are given for several lease arrange­
ments by Heady (7, pp. 589-621). 
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(4) P. = 1.10 , 1 = 1,2,....n where 
^ch 
= average adjusted price of commodity i 
Pih = average price of commodity i, over the his­
torical period h 
Pch = average price of com, over the historical 
period h 
Different historical periods were used for computing 
the adjusted prices for the major livestock classes in or­
der to include the approximate long term price cycle period 
for each class. The periods used were 1941-1961 for cattle, 
1951-1960 for sheep and 1954-1961 for hogs. Crop prices, 
were based on the period 1955-1961, 
The prices used for computing optimum farm plans are 
^ -
the same as those used in estimating predevelopment net rev­
enues so that a comparison of results of the alternative 
plans would have a common price base. 
Production activities 
Crops Six crop rotations were considered as alter­
native cropping activities for farm planning. These rota­
tions were the following; 
(a) C: continuous com 
(b) CCOs: com-com-oats with legume 
(c) CSbCOM: com-soybesns-cora-oats-meadow 
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(d) CCOM: corn-com-oats-meadow 
(e) COMM: corn-oats-meadow-meadow 
(f) CONMNM: com-oats-meadow-meadow-meadow-meadow 
Two levels of fertilization were assumed for each rota­
tion; a zero level and a recommended level. In addition, 
three separate conservation measures were assumed possible; 
no conservation practices, contouring, and terracing,^® The 
combination of the above crop rotations, fertilizer appli­
cations and conservation practices results in 36 separate 
crop production activities for each land class. The number 
of cropping activities per land class that entered the pro­
grams was less than 36 in many cases for the following rea­
sons: 
(a) The number of cropping possibilities on land 
classes that were already terraced was auto­
matically reduced by twelve. 
(b) Terracing was not considered feasible on land 
having slope of less than 3 percent, 
(c) The rotation Including soybeans was not con­
sidered feasible on land with slope greater 
than 9 percent, 
(d) All cropping possibilities resulting in more 
than 6 tons per acre annual soil loss were 
iSierrace specifications and estimates of construction 
and maintenance costs are given in Appendix D, 
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excluded from the program.^9 The original set 
of cropping activities were screened to meet 
this restriction by using the soil loss com­
putations given In Appendix E. 
The yield estimates and net revenues for the alterna­
tive cropping activities are given by land class in Appen­
dix A. 
Livestock A total of fourteen livestock enter­
prises considered to be representative of those found in the 
watershed area were Included as program activities. These 
were represented by four hog enterprises, six beef cattle 
enterprises, two dairy cattle enterprises, one sheep and 
one poultry enterprise. A brief description of each enter­
prise along with the input-output coefficients and net rev­
enues for each is presented in Appendix B. 
l^Imposing this restriction excludes the more intensive 
crop rotations on much of the steeper unterraced slopes. 
Since the more intensive rotations are often the more prof­
itable ones, it is possible that such a restriction might 
reduce net revenue in the optimal plans. A study by 
Landgren and Andersen (.15) provides some evidence to the 
contrary. Using data from a representative farm located in 
the Marshall-Monona soils area of western Iowa, the authors 
found that a cropping system that resulted in an average 
annual soil loss of five to six tons per acre was consist­
ent with profit maximizing farm plans. Although caution 
must be used in generalizing the results from this study, 
it does provide some evidence to Justify Imposing the soil 
loss restriction. An additional reason for imposing the 
restriction was a lack of data regarding the effects on 
soil productivity of allowing a greater than six ton per 
acre smnual soil loss over an extended period of time. 
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Resource restrictions 
land The detailed soil maps obtained from the Soil 
Conservation Service were used to identify separate soil 
classes on the basis of soil type, soil slope and anteced­
ent erosion. Further identification was made according to 
whether or not the land was terraced. Thirty-three indi­
vidual land classes were initially identified for the en­
tire area included in watershed farms. These original 33 
classes were aggregated into 30 classes on the basis of 
similarity in yield productivity, prior to their use as re­
strictions in programming. On an individual farm basis, 
further aggregation was made in cases possible in order 
keep the minimum size of land class above five acres. The 
number of land classes per farm that were used as restric­
tions ranged from one to twelve. 
Labor Labor restrictions for each farm were used 
on a monthly basis and for developing optimal plans A, 
were made consistent with the amounts of labor available 
during the predevelopment period. A monthly breakdown was 
deemed necessary due to the diversity of labor require­
ments among crop and livestock enterprises. When develop­
ing optimal plans B, where labor hiring was introduced as 
an activity, separate monthly hiring activities were In­
cluded with a cost of hired labor at #1.25 per hour. This 
procedure assumed the possibility of hiring seasonal or 
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part time labor, which was not inconsistent with conditions 
in the area as indicated by the practices of farm operators. 
The amounts of monthly labor that could be hired on each 
farm were restricted to amounts deemed consistent with local 
labor supplies and normal hiring practices of the farm op­
erators. 
Capital Capital restrictions for each farm were 
based on average amounts of capital being used in the pro­
duction of crops and livestock during the predevelopment 
period. A capital borrowing activity was introduced when 
computing optimal plans B, where borrowing was allowed to 
the point where the returns on the last unit of capital 
were just equal to the cost of borrowing that unit. 
Buildings Building restrictions were considered as 
being those livestock building facilities which were in ex­
istence at the time the field schedules were taken in 196I. 
It was assumed that building facilities were necessary for 
only three classes of livestock; hogs, dairy cattle and 
poultry. In no instances did any facilities for Grade A 
dairy exist. On farms where Grade A dairy production was 
considered a feasible enterprise and was therefore allowed 
to enter the program as an activity, a capital cost was 
added to the enterprise in an amount sufficient to provide 
for construction of Grade A facilities. 
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The Income Effects of Optimal Farm Plans 
One important aspect of individual farm planning as a 
means towards watershed development is the income effects 
that result from possible changes in the quantity and type 
of agricultural production. The Income effects of individ­
ual farm planning as applied to Hound Dog Creek Watershed 
are summarized in Table 15 and are discussed in the present 
section. The summary compares the annual net revenue that 
could be expected under three alternative sets of farm 
plans; one, sustained predevelopment production, two, op­
timal plans A resulting from a reorganization of the re­
sources being used under predevelopment production, and 
three, optimal plans B developed under conditions of in­
creased availability of capital and labor. 
The comparison of net revenue from alternative plans 
for farms associated with Hound Dog Creek Watershed suggests 
that the adoption of either set of optimal plans would re­
sult in higher annual net revenue per farm over a future 50 
year period than would a continuation of predevelopment 
production. The introduction and continuation of optimal 
plans A, requiring only a reorganization of previously used 
resources, would increase expected net revenue in the case 
of every farm and would result in an average annual per 
farm net revenue of 18775 as compared with an average of 
$7458 that could be expected under a continuation of pre-
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Table 15. Net revenue from crop and livestock production by-
farm for predevelopment plans and two sets of op­
timal plans, Hound Dog Creek Watershed 
Net revenue 
Farm Predevel­
Plans number opment Plans A® 
(dollars) (dollars) (dollars) 
(1) (2) (3) (4) 
1 4859° 53290 7893® 
2 15047 18278 20705 
3 ?059® 7599® 7599® 
4 1146 1962 2225 
5 7784 10380 12164 
6 1784 2650 3396 
7 2553 2912 4035 
8 2207 4o47 5819 
9 9207 9997 10314 
10 1065 4173 6544 
11 8555 10086 13296 
12 1635 1768 2902 
13 11017 12006 15339 
14 9731 10090 13792 
15 13028 17261 19642 
16 10579 12639 15736 
17 11591 12323 13329 
18 14784 14795 19015 
19 10419 12049 12928 
20 5107® 5154® 6183® 
Total 149157 175498 212856 
Average 
7458 per farm 8775 10643 
^Developed under the assumption that farms possessed 
the- same level of resources as used under predevelopment 
production, 
developed under the assumption that capital could be 
borrowed to the extent that the returns on the last unit 
of capital borrowed were equal to the cost of borrowing 
that unit, 
©Represents net revenue from crop production only. 
See explanation p, 4?, 
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development plans. In the case of optimal plans B which 
would require the use of additional capital and In some In­
stances additional labor, the average annual expected net 
revenue per farm could be further Increased to #10,643 by 
their adoption. The subsequent sections In this chapter 
will examine the major changes that would be necessary In 
farm organization as a result of Introducing either set of 
optimal plans and also the effects which each would have on 
hydrologie damages within the watershed. 
Organization Changes Specified by 
Optimal Farm Plans 
Land us* and crop production 
All land acres which consisted of permanent pasture, 
farmsteads, and woodland and waste during the predevelop-
ment period were assumed to remain constant when developing 
optimal farm plans. Therefore, only the use of cropland 
acres were allowed to change when computing Individual farm 
programs. Table l6 summarizes by farm, the general land use 
that existed under predevelopment management and compares 
this use with that specified by both sets of optimal farm 
plans. The adoption of optimal plans A would increase the 
percent of total farm acres devoted to row crops from ap­
proximately 4? percent to 51 percent, with an accompanying 
decrease in the acres of meadow from approximately l4 to 10 
Table l6. Principal land use by farm as specified by predevelopment farm plans and 
by two sets of optimal farm plans, Hound Dog Creek Watershed 
Farm Farm Acres Acres Acres Acres Acres Acres Acres Total 
number plans® row small meadow idle per­ farm­ wood­ farm 
crop grain crop­
land 
manent 
pasture 
steads land 
and 
waste 
acres 
1 P 141.7 3.7 0.0 0.0 71.6 2.1 10.2 229.3 
A 135.4 5.0 5.0 0.0 — - - -
B 145.4 0.0 0.0 0.0 — — — — 
2 P 273.4 8.8 24.5 0.0 138.9 4.1 4.8 454.5 
A 200.4 69.2 23.9 13.2 - - — -
B 306.7 0.0 0.0 0.0 — — • — -
3 P 116.4 21.0 0.0 0.0 0.0 o
 
.
 
o
 
17.6 155.0 
A 137.4 0.0 0.0 0.0 - — - -
B 137.4 0.0 0.0 0.0 — ' - — -
4 P 21.2 0.0 0.0 0.0 4.4 1.0 o
 
o
 
26.6 
A 21.2 0.0 0.0 0.0 - - — • -
B 21.2 0.0 0.0 0.0 — — -
5 P 173.0 5,7 9.4 0.0 9.7 4.1 70.8 272.7 
A 135.2 15.9 37.0 0.0 - — - -
. B 172.9 5.1 10.1 0.0 — — — — 
6 P 8.9 4.6 8.9 0.0 13.8 2.4 2.9 41.5 
A 15.6 3.0 3.8 0.0 — — — — 
B 22.4 0.0 0.0 0.0 — — — — 
7 P 53.9 9.9 12.2 0.0 7.8 2.9 29.6 116.3 
A 50.5 17.4 8.1 0.0 — — — — 
B 67.6 2.8 5.6 0.0 — - - • -
®The letters P, A and B represent predevelopment farm plans, optimal farm 
plans A and optimal farm plans B, respectively. 
Table l6 (Continued) 
Farm Farm Acres Acres Acres 
number plans® row small meadow 
crop . grain 
8 P 0.0 0.0 136.7 
A 63.0 29.3 43.0 
B 109.9 7.1 19.7 
9 P 130.0 25.4 60.6 
A 193.9 7.4 14.7 
B 200.2 4.8 11.0 
10 P 0.0 0.0 101.4 
A 35.5 16.5 32.3 
B 101.4 0.0 0.0 
11 P 71.7 23.9 23.8 
A 115.7 3.7 0.0 
B 102.1 4.6 12.7 
12 P 28.6 14.3 14.4 
A 19.4 11.1 26.8 
B 51.6 1.9 3.8 
13 P 101.2 38.3 24.6 
A 150.7 5.6 7.8 
B 164.1 0.0 0.0 
14 P 66.5 26.5 28.7 
A 94.8 6.4 20.5 
B 105.0 5.6 11.1 
15 P 132.1 58.1 73.9 
A 214.9 24.6 24.6 
B 180.1 26.2 57.8 
16 P 147.8 47.7 55.2 
A 147.2 76.9 26.6 
B 246.8 .8 3.1 
Acres 
idle 
crop­
land 
Acres 
per­
manent 
pasture 
Acres 
farm­
steads 
Acres 
wood­
land 
and 
waste 
41.0 
Total 
farm 
acres 
0.0 
0.0 
0 .0  
0 .0  
0.0 
0.0 
0,0 
17.1 
0 .0  
0.0 
0 . 0  
0.0 
0.0  
0 .0  
0.0 
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
0 .0  
12.5 
674 
21.8 
11.9 
4873 
26.6 
123.5 
0.0  
TIT 
8.1 
2.1 
3.3 
3.7 
3.0 
4.1 
4.5 
179.3 
57.4 294.0 
66.9 176.8 
40.6 185.1 
30.8 103.7 
58.4 273.8 
4.7 157.1 
89.0 481.1 
2.2 55.6 308.5 
00 
Vn 
Table 16 (Continued) 
Farm Farm Acres Acres Acres Acres Acres Acres Acres Total 
number plans® row small meadow idle per­ farm­ wood­ farm 
crop grain crop­ manent steads land acres 
land pasture and 
waste 
17 P 251.3 5.9 0.0 0.0 2.4 2.2 38.5 300.3 
A 191.2 38.1 27.9 0.0 — — — — 
18 
B 245.1 4.0 8.1 0.0 — — — 
P 215.2 71.7 71.7 0.0 18.9 3.7 30.2 411.4 
A 195.1 68.7 94.8 0.0 — — — 
B 286.7 24.0 47.9 0.0 — — — — 
19 P 203.7 67.9 0.0 0.0 16.4 2.1 62.0 352.1 
A 208.3 33.3 30.0 O.o — — — — 
B 260.7 3.6 7.3 0.0 — — — — 
20 P 98.8 35.5 26.3 0.0 0.0 1.3 67.0 228.9 
A 89.1 35.7 35.8 0.0 — — — 
B 157.8 2.8 0.0 0.0 - - -
-
Total P 2235.4 468.9 672.3 0.0 534.9 58.5 778.0 4748.0 
Percent of to-
tal farm acres 47.1 9.9 14.1 0.0 11.3 1.2 16.4 100.0 
Total A 2414.5 467.8 464.0 30.3 534.9 58.5 778.0 4748.0 
Percent of to-
tal farm acres 50.9 9.9 9.8 .5 11.3 1.2 16.4 100.0 
Total B 3085.1 93.3 198.2 0.0 534.9 58.5 778.0 47,48.0 
Percent of to-
tal farm acres 64.9 2.0 4.2 0.0 11.3 1.2 16.4 100.0 
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percent of total farm acres. Optimal plans B specify a fur­
ther increase in the acres that would be planted to row 
crops, raising their proportion of total farm acres to ap­
proximately 65 percent. This change would again be accom­
panied by a decrease in the acreage of meadow and also by a 
decrease in the acres of small grain. 
The general changes in land use that would occur as a 
result of introducing optimal farm plans would be an in­
crease in the acres planted to row crops with an accompany­
ing decrease in small grain and meadow acreages. 
A more specific illustration of changes in the type of 
crop production that would result from introducing optimal 
farm plans is presented in Table 17, which indicates the 
shifts in acreages of various crop that would be specified. 
The figures indicate that during the predevelcpment period, 
com, meadow and oats annually accounted for approximately 
64 percent, 20 percent and 13 percent of total cropland 
acres respectively. The remainder of the cropland consisted 
of small acreages of wheat, soybeans and rye. The introduc­
tion of optimal plans A would increase the proportion of 
cropland in com to approximately 70 percent, while the per­
cent of cropland in meadow would decrease to 14 percent. 
Acreages of soybeans and oats would remain relatively con­
stant and no wheat or rye would be grown, A significant in­
crease in the acres of com is specified by optimal plans B 
Table 17. Cropland acres allocated to alternative crops under predevelopment 
farm plans and under two sets of optimal farm plans, Hound Dog Creek 
Watershed 
Farm Farm Acres Acres Acres Acres Acres Acres Acres Total 
number plans® com soybeans oats meadow rye wheat idle 
crop­
land 
crop­
land 
acres 
1 P 141.7 0.0 0.0 0.0 0.0 3.7 0.0 145.4 
A 132.3 3.5 4.8 4.8 0.0 0.0 0.0 -
b 145.4 0.0 0.0 0.0 0.0 0.0 0.0 -
2 P 248.2 25.2 8.9 24.4 0.0 0.0 0.0 306.7 
A 177.4 23.9 68.3 23.9 0.0 0.0 13.2 -
b 306.7 0.0 0.0 0.0 0.0 0.0 0.0 — 
3 P 116.9 0.0 0.0 0.0 3.4 17.1 0.0 137.4 
A 137.4 0.0 0.0 0.0 0.0 0.0 0.0 — 
b 137.4 0.0 0.0 0.0 0.0 0.0 0.0 — 
4 P 21.2 0.0 0.0 0.0 0.0 0.0 0.0 21.2 
A 21.2 0.0 0.6 0.0 0.0 0.0 0.0 — 
b 21.2 0.0 0.0 0.0 0.0 0.0' 0.0 — 
5 P 173.1 0.0 5.5 9.5 0.0 0.0 0.0 188.1 
A 133.6 1.7 16.3 36.5 0.0 0.0 0.0 — 
b 172.8 0.0 5.1 10.2 0.0 0.0 0.0 — 
6 P 9.0 0.0 4.5 8.9 0.0 0.0 0.0 22.4 
A 13.4 2.2 3.0 3.8 0.0 0.0 0.0 — 
b . 22.4 0.0 0.0 0.0 0.0 0.0 0.0 — 
7 P 53.9 0.0 10.0 12.1 0.0 0.0 0.0 76.0 
A 47.8 2.5 17.5 8.2 0.0 0.0 0.0 — 
b 67.6 0.0 2.8 5.6 0.0 0.0 0.0 -
®The letters P, A and b represent predevelopment 
plans A and optimal farm plans b, respectively. 
farm plans, optimal farm 
Table 17 (Continued) 
Farm Farm Acres Acres Acres 
number plans® com soybeans oats 
8 P 0.0 0.0 0.0 
a 51.0 12.0 29.4 
b 109.8 0.0 7.2 
9 P 129.9 0.0 25.6 
a 193.9 0.0 7.4 
b 199.9 0.0 4.5 
10 P 0.0 0.0 0.0 
a 57.9 0.0 16.4 
. b 101.4 0.0 0.0 
11 P 47.7 23.9 23.9 
a 115.7 0.0 3.7 
b 102.4 0.0 4.9 
12 P 28.6 0.0 14.3 
a 15.6 4.1 11.3 
b 51.6 0.0 1.9 
13 P 101.2 0.0 38.4 
a 150.7 0.0 5.6 
b 164.1 0.0 0.0 
14 P 6l.o 0.0 26.3 
a 94.7 0.0 6.4 
b 105.1 0.0 5.5 
15 p 122.7 0.0 61.3 
a 190.3 0.0 24.6 
b 180.2 0.0 26.2 
16 p . 144.7 1.4 48.6 
A 175.5 0.0 48.6 
b 246.7 0.0 0.0 
Acres 
meadow 
Acres 
rye 
Acres 
wheat 
Acres 
Idle 
crop­
land 
Total 
crop­
land 
acres 
136.7 0.0 0.0 0.0 136.7 
44.3 0.0 0.0 0.0 -
19.7 0.0 0.0 0.0 
60.5 0.0 0.0 0.0 216.0 
14.7 0.0 0,0 0.0 — 
11.6 0.0 0.0 0.0 -
101.4 0.0 0.0 0.0 101.4 
10.0 0.0 0.0 17.1 — 
0.0 0.0 0.0 0.0 -
23.9 0.0 0.0 0.0 119.4 
0.0 0.0 0.0 0.0 -
12.1 0.0 0.0 0.0 — 
14.4 0.0 0.0 0.0 57.3 
26.3 0.0 0.0 0.0 — 
3.8 0.0 0.0 0.0 — 
24.5 0.0 0.0 0.0 164.1 
7.8 0.0 0.0 0.0 — 
0.0 0.0 0.0 0.0 — 
34.4 0.0 0.0 0.0 121.7 
20.6 0.0 0.0 0.0 — 
11.1 0.0 0.0 0.0 — 
80.1 0 .0 0.0 0.0 264.1 
49.2 0.0 0.0 0.0 — 
57.7 0.0 0.0 0.0 — 
56.0 0.0 oéo 0.0 250.7 
26.6 0.0 0.0 0.0 — I 
4.0 0.0 0.0 0.0 — 
Table 17 (Continued) 
Farm Farm Acres Acres Acres Acres Acres Acres Acres Total 
number plans® com soybeans oats meadow rye Wheat Idle crop­
crop­ land 
land acres 
17 P 251.9 0.0 0.0 0.0 0.0 5.3 0.0 257.2 
A 191.3 0.0 38.0 27.9 0.0 0.0 0.0 -
B 245.1 0.0 4.0 8.1 0.0 0.0 0.0 — 
18 P 215.2 0.0 71.7 71.7 0.0 0.0 0.0 358.6 
A 195.1 0.0 68.7 94.8 0.0 0.0 0.0 — 
B 286,9 0.0 24.0 47.7 0.0 0.0 0.0 -
19 P 203.7 0.0 67.9 0.0 0.0 0.0 0.0 271.6 
A 208.4 0.0 33.2 30.0 0.0 0.0 0.0 — 
B 260.7 0.0 3.6 7.3 0.0 0.0 0.0 
20 P 78.9 0.0 26.3 26.3 0.0 29.1 0.0 160.6 
A 75.8 13.3 35.8 35.7 0.0 0.0 0.0 -
B 157.8 0.0 2.8 0.0 0.0 0.0 0.0 — 
Total P 2149.5 50.5 433.2 684.8 3.4 55.2 0.0 3376.6 
Percent Of 
cropland 63.6 1.5 12.8 20.4 .1 1.6 - 100.0 
Total A 2379.0 63.2 439.0 465.1 0.0 0.0 30.3 3376.6 
Percent of 
cropland 70.4 1.9 13.0 13.7 - -- 1.0 100.0 
Total B 3085.2 0.0 92.5 198.9 0
 
.
 
0
 
0.0 0.0 3376.6 
Percent Of 
cropland 91.4 — 2.7 5.9 — — — 100.0 
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which would require an average of about 91 percent of all 
cropland in com annually. The acres planted to meadow and 
oats would further be decreased from predevelopment levels 
to the extent of contributing to approximately six and three 
percent of total cropland acres respectively. 
The examination of changes in the composition of crop­
land acres that would be necessary with the introduction of 
either of two sets of optimal plans has indicated a con­
siderable increase in acreages devoted to com, with accom­
panying decreases in acres of small grain and meadow. It 
should be noted that the increased emphasis on com produc­
tion would not violate a physical soil conservation goal of 
keeping annual sheet erosion below six tons per acre, since 
no cropping activities were allowed in the programs if they 
would result in greater than six tons per acre annual soil 
loss. The primary reason why increased com production 
would be consistent with the restriction of a maximum per­
missible rate of soil loss is that this increase would be 
accompanied by increases in contouring, terracing and fer­
tilizer application, as will be subsequently illustrated. 
Conservation practices 
Recommendations resulting from the two sets of optimal 
farm plans indicate that Increased e:q)endltures should be 
made for fertilizer and terracing, and that additional up­
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land acres should be tilled on the contour. Whereas, under 
predevelopment management, an average of 73 percent of all 
cropland acres was being annually fertilized, the recommen­
dations of optimal plans A would raise this figure to ap­
proximately 83 percent. Under conditions of increased cap­
ital availability as existed in the case of plans B, ferti­
lizer application would be extended to 100 percent of the 
cropland acreage. 
Table 18 also indicates that additional terracing would 
be required with the introduction of optimal farm plans. 
Under predevelopment production a minimum of 45 percent of 
total cropland acres were terraced, while the requirements 
of optimal plans A and B would increase this figure to 58 
and 65 percent respectively. The increase in the acres 
that would be tilled on the contour would raise the percent 
of cropland acres contoured from 69 percent under predevel­
opment tillage practices to 74 percent under both sets of 
optimal farm plans. 
Livestock production 
The two major classes of livestock that were predomi­
nant on farms An the watershed area during the predevelop­
ment period were hogs and beef cattle. Table 19 presents a 
summary of the average number of units of various livestock 
classes that were specified by the optimal farm plans as 
Table 18« Acres fertilized, contoured and terraced by farm under predevelopment 
farm plans and under two sets of optimal farm plans, Hound Dog Creek 
Watershed 
Farm Farm Total Cropland Cropland Cropland 
number plans® crop- acres acres acres 
land fertilized terraced contoured 
acres 
ï p 145.4 ô75 ôtô 0.0 
A - 0.0 5.2 5.2 
B - 145.4 5.2 5.2 
2 P 306.7 248.5 4l.0 43.2 
A - 174.0 42.5 42.5 
B - 306.7 43.2 43.2 
3 P 137.4 137.4 0.0 0.0 
A - 137.4 0.0 0.0 
b - 137.4 0.0 0.0 
4 P 21.2 0.0 0.0 0.0 
A - 21.2 0.0 0.0 
B - 21.2 0.0 0.0 
5 P 188.1 54.8 20.3 20.3 
A - 179.8 54.0 97.7 
B - 188.1 97.7 97.7 
6 P 22.4 22.4 8.2 8.2 
A - 11.5 8.2 11.5 
B - 22.4 11.5 11.5 
7 P 76.0 0.0 0.0 0.0 
A - 27.2 48.7 60.0 
B - 76.0 48.7 60.0 
®The letters P, A and B represent predevelopment farm plans, optimal farm 
plans A and optimal farm plans B, respectively. 
Table 18 (Continued) 
Farm Farm Total 
number plans® crop­
land 
acres 
B P 136.7 
A 
B 
9 P 216.0 
A 
B 
10 P 101.4 
A 
B 
11 P 119.4 
A -
B 
12 P 57.3 
A 
B 
13 P 164.1 
A -
B 
14 P 121.7 
A 
B 
15 P 264.1 
A " 
B 
16 P 250.7 
A 
B 
Cropland 
acres 
fertilized 
Cropland 
acres 
terraced 
Cropland 
acres 
contoured 
0.0 97.0 97.0 
0.0 106.6 120.3 
136.7 106.9 120.3 
193.1 46.2 201.8 
216.0 88.8 109.9 
216.0 97.6 109.9 
0.0 85.2 85.2 
73.2 85.2 98.5 
101.4 98.5 98.5 
0.0 96.9 96.9 
119.4 119.4 119.4 
119.4 119.4 119.4 
0.0 0.0 0.0 
23.8 6.2 42.8 
57.3 35.2 42.8 
164.1 100.0 164.1 
164.1 149.0 157.5 
164.1 157.5 157.5 
121.7 24.0 102.7 
121.7 88.3 121.7 
121.7 99.5 121.7 
264.1 109.9 264.1 
264.1 164.5 243.8 
264.1 152.7 235.5 
243.7 161.0 212.0 
218.9 165.7 250.7 
250.7 250.7 250.7 
Table 18 (Continued) 
Farm 
number 
Farm 
plans® 
Total . 
crop­
land 
acres 
Cropland 
acres 
fertilized 
Cropland 
acres 
terraced 
Cropland 
acres 
contoured 
17 P 257.2 257.2 50.7 257.2 
A — 248.4 183.3 248.4 
B — 257.2 232.3 248.4 
18 P 358.6 358.6 234.6 358.6 
A — 358.6 236.1 339.2 
B 358.6 243.3 339.2 
19 P 271.6 271.6 246.2 262.2 
A — 271.6 254.3 271.6 
B • 271.6 257.1 271.6 
20 P 160.6 131.5 79.2 160.6 
A — 160.6 156.4 156.4 
B - 160.6 156.4 156.4 
Total P 3376.6 2468.7 1400.4 2334.1 
Percent of 
cropland 100.0 73.1 41.5 69.1 
Total A 3376.6 2791.5 1962.4 2497.1 
Perçoit of 
cropland 100.0 82.7 58.1 73.9 
Total B 3376.6 3376.6 2213.4 2489.5 
Percent of 
cropland 100.0 100.0 65.5 73.7 
Table 19. Average number of livestock units by farm under predevelopment farm 
plans and under two sets of optimal farm plans, Hound Dog Creek 
Watershed^ 
Farm Predevelopment Plans A Plans B 
number H D P B S HDP BS HD P BS 
lb « « M M __ M M 
0 0 0 21 0 31 0 0 0 0 42 0 0 .15 -
I 6 0 0 8 0 8 0 25 9 0 8 0 25 24 0 
5 10 0 0 7 10 17 0 0 0 0 85 0 0 0 0 
6 ? 4 40 0 0 25 0 0 0 0 30 4 100 36 0 
7 4 0 50 0 0 3 0 0 . 0 0 28 0 0 2 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 48 0 
9 0 0 0 26 0 0 0 0 12 0 0 0 0 38 0 
10 6 0 0 5 0 10 0 0 0 0 57 0 0 0 0 
11 25 0 0 30 0 59 0 0 0 0 155 0 0 0 0 
12° — — — — 0 0 0 0 0 0 0 0 57 0 
13 15 0 200 80 0 23 0 0 8 0 128 0 0 13 0 
14 24 0 0 35 0 26 0 0 0 0 170 0 0 11 0 
15 22 0 0 36 0 42 0 0 0 0 134 0 0 10 0 
16 3 2 0 8 0 14 0 0 0 0 84 2 0 0 0 
17 4 0 0 11 0 31 0 0 0 0 42 0 0 17 0 
18 12 0 0 19 0 31 0 0 0 0 113 0 0 0 0 
19. 0 0 0 20 0 0 0 0 0 0 0 0 0 25 0 
20° : ^ — — — — _ — — — — « — — 
Totals 140 6 290 306 10 320 0 25 29 0 1078 6 125 296 0 
^Livestock classes are represented as follows; H = hogs; D = dairy; P = 
poultry; B = beef; S = sheep. Livestock units are defined by enterprise in 
Appendix B. 
^Livestock production was not Included in farm plans. See explanation p. 4?. 
CNo Information available on predevelopment livestock program. 
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compared with those raised on farms during the predevelop-
ment period. Under optimal plans A, where the same amounts 
of capital and labor were assumed to be available as under 
predevelopment production, a reorganization of livestock en­
terprises involving greater emphasis on hog production and 
decreased emphasis on beef cattle production is noted. No 
dairy cattle or sheep were recommended by plans A and only 
a small poultry flock was recommended on one farm. Plans 
B, developed under the assumption of increased availability 
of capital and labor, suggest a further increase in the 
number of hog units on most farms and also an increase in 
beef cattle units back to approximately the level of pre­
development beef production. There was also a change in the 
type of beef enterprise recommended by optimal plans as op­
posed to predevelopment production, this change involving a 
move from cow-calf enterprises to feeder cattle enterprises. 
On farms where hog production was recommended by plans B, 
the level of production would be such that hog building fa­
cilities would be used to capacity. Hog enterprises ap­
peared to be the more profitable relative to other livestock 
enterprises, in both sets of optimal farm plans. 
Labor and capital use 
The changes in cropping enterprises that have been 
specified by both sets of optimal farm plans indicate In­
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creased emphasis on com production accompanied by greater 
use of conservation practices. Necessary changes in 
livestock production would involve greater emphasis on hog 
production relative to other livestock enterprises. One 
matter of interest is the impact which these changes in pro­
duction organization would have upon labor and capital use. 
Optimal plans A were developed under the assumption 
that the same amount of resources were available as were . 
being used under predevelopment production, however, this 
does not imply that the same amounts would be actually used. 
Capital borrowing and labor hiring were permitted under op­
timal plans B, therefore, in those cases where these re­
sources had been limiting in plans A, additional capital and 
labor would be used. A summary of labor and capital use un­
der predevelopment production and under the two sets of op­
timal farm plans is presented in Table 20. 
An examination of annual hours of labor used indicates 
that for most farms, optimal plans A would involve less to­
tal annual use of labor than that amount being used under 
predevelopment production. Total annual labor use on all 
watershed farms amounted to 357^ hours under predevelopment 
management and would be decreased to 27064 hours under op­
timal plans A. Since optimal plans 6 permitted the borrow­
ing of capital when profitable, this meant that additional 
labor was often required on farms, hence, raising the annual 
Table 20, Annual hours of labor and capital use by farm under predevelopment farm 
plans and under two sets of optimal farm plans. Hound Dog Creek Water­
shed 
Farm Annual labor use (hours) Annual capital use or requirement (^1) 
num­ Predevel- Plans A Plans B Hired- Predevel­ Plans A Plans B Borrowed-
ber opment plans B opment plans B 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
1 718 752 756 _ a 1023 772 2838 _ a 
2 2083 1834 2821 555. 8820 6853 13662 4042 
3 663 714 714 a 2425 2425 2425 
a 
4 402 561 1001 0 2556 2556 4793 2237 
5 1729 1664 2847 1729 5818 5818 14163 8345 
6 851 631 1703 851 3348 3348 7182 3834 
7 732 544 994 732 1671 1671 5485 3814 
8 0 737 2141 223 0 1150 9176 8026 
9 2570 1504 2245 328 9528 5875 13045 3517 
10 467 602 1618 795 2468 2468 9876 7408 
11 3614 2098 3521 695 14082 14082 26028 11946 
12 294 339 1946 98 575 575 9588 9013 
13 4051 2076 3692 988 18974 9225 21324 2350 
14 3880 1675 4239 1766 15748 8137 25726 9978 
15 4589 3432 4343 717 18076 14498 25293 7217 
16 1385 1465 3139 707 6941 6941 16623 9682 
17 2035 1986 2637 346 8675 8675 13138 • 4463 
18 3983 2407 4100 1118 9945 9945 18603 8658 
19 1702 1415 2122 334 9218 5007 9218 0 
20 . 562 628 828 _ a 2565 2565 3771 - a 
Total 35748 27064 47407 9353 142456 112586 251957 104530 
&Labor hiring and capital borrowing were not considered as farm plans in­
volved only watershed portions of farms. See explanation p. 4?. 
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labor used on all farms to 47404 hours. Column 5 in Table 
20 lists the annual hours of labor that would be hired by 
farm, if optimal plans B were in effect. 
Capital use under optimal plans A displays a similar 
trend to labor use in that the total annual capital use of 
all farms under optimal plans A would be less than that 
used for predevelopment production. All watershed farms 
used an annual total of $142456 capital for predevelopment 
production, while optimal plans A would require only 
#112586, Capital borrowing was a profitable activity for 
most farms under optimal plans B, thus raising total annual 
capital use to $251957 under these plans. The amount of 
capital borrowing per farm that would be necessary under 
plans B is given in column nine, Table 20. 
The figures as presented, regarding total annual labor 
and capital use, are somewhat misleading. As noted previ­
ously, labor requirements for all enterprises were strati­
fied on a monthly basis, therefore, although total annual 
labor requirements for any one farm may be less under plans 
A than under predevelopment, the labor available for a par­
ticular month or particular months, may have been limiting 
in plans A; This situation explains why labor hiring en­
tered plans B in spite of the fact that the total annual 
labor use was less under plans A than under predevelopment 
production. Similarly, although total capital use would be 
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less under optimal plans A than under predevelopment pro­
duction, capital borrowing was profitable on most farms 
since increased labor availability would permit intensifi­
cation and reorganization of farm enterprises. 
Hydrologie Damages Associated With Optimal Farm Plans 
The income and farm organizational changes that would be 
associated with the individual farm planning approach to wa­
tershed development would be experienced within the bounds 
of the individual farms associated with the watershed, A 
second significant aspect of individual farm planning as a 
means towards watershed development is the effects upon water 
runoff and hence, upon inter-farm hydrologie damages within 
the watershed. The hydrologie effects of individual farm 
planning within Hound Dog Creek Watershed are discussed 
below, where estimates of the damages that would be asso­
ciated with two sets of optimal farm plans are compared with 
those which could be expected to exist under a continuation 
of predevelopment farm plans during the evaluation period. 
Sheet *r98i9% 
The factors that were involved in computing predevelop­
ment estimates of sheet erosion included soil type, soil 
slope, slope length, antecedent erosion, crop rotation and 
conservation practices. Jki the case of most farms, the 
development of optimal plans resulted in changes in the lat-
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ter two erosion factors, crop rotation and conservation 
practices. Therefore, the annual soil loss per farm that 
would be associated with both sets of optimal farm plans 
I 
differed from the loss that occurred under predevelopment 
plans. 
The annual soil loss in tons per tillable upland acre 
that would be associated with both sets of optimal farm 
plans was estimated as in Equation 2 and these figures are 
compared in Table 21 with the predevelopment estimates. 
It is noted that the adoption of either set of optimal 
farm plans would greatly decrease the rate of sheet erosion, 
keeping the average soil loss per acre below a recommended 
maximum of approximately six tons per year. The average 
soil loss per tillable upland acre under predevelopment land 
use systems for all farms was 13,9 tons annually, while the 
loss to be expected under optimal plans A and 5 was two and 
one third and three, respectively. However, the average 
soil loss per farm under predevelopment land use appears 
more significant if one examines the amount of variation by 
farm. While the predevelopment average soil loss per farm 
was 13,9 tons per tillable upland acre annually, the figures 
for the individual farms varied from à low of zero tons to 
a high of 93.1 tons soil loss. Under optimal plans A and 
B, the variation from the average per farm would be greatly 
reduced, having a maximum range from zero tons per acre to 
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Table 21. Annual tons soil loss per tillable upland acre 
due to sheet erosion under predevelopment plans 
and under two sets of optimal plans on farms 
associated with Hound Dog Creek Watershed 
Farm Predevelopment® Plans A Plans B 
number (tons) (tons) (tons) 
1 93.1 2.7 5.3 
2 6.2^ 1.2^ 2.7L 
3 0.0% 0.0% 0.0% 
4 0.0% 0.0% 0.0% 
5 37.1 2.0 2,3 
6 5.3 5.1 5.3 / 57.1. 3.7 4,6 
8 G 2.1 3.3 
9 5.5. 4.1 4,1 
10 0 1.5 3.1 
11 5.2 3.0 2,1 
12 23.5 2.4 3.6 
13 3.2 2.1 2,4 
14 5.3 1.0 2,4 
15 5.4 3.7 3.6 
16 3.9 2.7 2,1 
17 15.2 2.4 2,4 
18 4,4 2.5 3.9 
19 2.8 1.6 3.2 
20 5.8 1.3 3.5 
Average 
per farm 13.9 2.3 3.0 
*Soil loss estimates taken from Table 9. 
^o tillable upland acres. 
®A11 tillable upland acres in Conservation Reserve 
Program, 
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five and one third tons per acre. 
Gully erosion 
The estimation of damages due to gully erosion that 
would be associated with either set of farm plans, was based 
on the assumption that the rate of gully growth Is a func­
tion of the volume of water runoff. Since both sets of 
optimal farm plans specified land use systems that were 
different from those under predevelopment management, they 
would be expected to change the volume of water runoff from 
any given storm pattern, and hence, would cause a different 
rate of gully growth. 
The same rainfall data as referred to In a previous 
discussion of floodwater damages was used for the analysis 
of gully growth under the two sets of optimal farm plans. 
For each of the "excessive" storms which occurred during the 
period 1893-1960, the depth of runoff In inches under a com 
equivalent land cover and under a legume-grass equivalent 
cover had been computed by Palmer (20).. The percent of com 
equivalent land cover, and hence, the percent of legume-
grass equivalent land cover were specified for each subwa-
tershed by the land use systems resulting from the optimal 
farm plans. The percent of land terraced In each subwater-
shed was also specified by the same plans. Using this In­
formation, a weighted depth of runoff for each storm was 
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calculated as In 
(5) j — uj ^cj d^j) + (lj j, 1 — 1*2,*«*#79; 
j = 1,2;...*10, when < 2 Inches, and 
(6) eij = oj [(ujk) + (dij - k)] + lj (uj g„), 
1 = 1,2,.**.79, j = 1,2,...*10, when > 2 inches 
and where 
= the weighted depth of runoff from the ith storm 
in the subwatershed 
Uj = percent of unterraced land in subwatershed 
Cj = percent of the subwatershed under a com 
equivalent cover 
Lj = percent of subwatershed under a legume-grass 
equivalent cover 
= depth of runoff in inches from the i^h storm 
under a com equivalent cover in the sub-
watershed 
= depth of runoff in inches from the i^^ storm 
under a legume-grass equivalent cover in the 
subwatershed 
K = terrace channel capacity, 2 inches 
The above procedure provided a depth of water runoff 
from each storm within individual subwatersheds under three 
sets of land use systems; predevelopment, and the two land 
use systems specified by optimal plans A and B. The storms 
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were than ranked in order of their magnitude and recurrence 
intervals were calculated for successive magnitudes.20 
For any one particular subwatershed, the ratio of run­
off depths under optimal land use systems to those under 
predevelopment land use systems, remained constant regard­
less of the recurrence interval selected. Therefore, the 
problem of deciding upon the relevant recurrence interval 
from which to select a ratio of runoff depths did not arise. 
The computed ratios of optimal plan runoff depths are given 
in Table 22, 
The gully growth rates that would be associated with 
either set of optimal farm plans are also included in Table 
8, and were estimated by taking the product of the runoff 
depth ratios as in 
(7) Gij =^Gpj, i 1,2; j 1,2, 10, where 
P J 
Gj^j = rate of gully growth in acres per year under 
optimal land use system 1, in the subwater­
shed 
= depth of runoff under optimal land use system i, 
in the subwatershed 
20The procedure used for computing the recurrence in­
terval was that recommended by the United States Geological 
Survey (5| p. 16), The formula used was T = n+l/r where 
T = recurrence interval in years, n = the number of storm 
events, and r = the magnitude of depth, the highest being 1, 
Table 22. Batlos of runoff depths for optimal land use systems relative to predevel 
opment land use systems, and annual acres gully erosion under three sets 
of land use systems, Identified by subwatershed and gully damage reach, 
Hound Dog Creek Watershed 
Ratios of runoff Annual acres gully erosion 
depths 
Plans A Plans B Predevelopment Plans A Plans B 
Sub- Gully Pre- Pre- Void- Deprecl- Void- Deprecl- Void- Depreol 
water- damage develop- develop- Ing atlon Ing atlon Ing atlon 
shed reach ment ment 
A 1 .923 .885 .040 .280 .037 
00 CM 
.034 .248 
B 2 .921 .921 .280 .970 .258 .893 .259 .893 
C 3 .881 .881 .250 .560 .220 .493 .220 .493 
D 4 .792 .717 .280 .600 .222 .475 .201 .430 
5 .792 .717 .030 .200 .024 .158 .021 .143 
E 6 .683 .707 .400 .630 .273 .430 .283 .445 
P 7 .565 .500 .400 .400 .226 .226 .200 .200 
G 8 .529 .426 .680 .920 .360 .487 .290 .392 
H 9 1.000 1.000 .700 1.600 .700 1.600 .700 1.600 
.1 10 .896 
CO 
.400 .600 .358 .538 .341 .511 
Total 3.460 6.760 2.678 5.557 2.549 5.348 
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Dpj = depth of runoff under predevelopment land use 
systems In the subwatershed 
Gpj = rate of gully growth in acres per year under 
predevelopment land use systems In the j^h sub-
watershed. 21 
The new physical rates of gully growth as included in 
Table 22, were then converted to monetary damages by the 
same procedures as were used previously in Equations 3 and 4 
for predevelopment gully damages. The net returns per acre 
under each set of optimal plans, replaced those under pre­
development plans in determining the new damage figures on 
land that would be voided and depreciated. 
Table 23 compares the estimates of gully damages that 
could be expected under three sets of conditions; a contin­
uation of predevelopment land use systems, and the adaption 
of either.of two sets of optimal land use systems. It is 
noted that total annual gully damages in the watershed would 
be reduced from $135 under continued predevelopment land use 
systems to approximately #112 and $128 with the adaption of 
optimal plans A and B, respectively. An examination of Table 
21lt was mentioned previously that the rate of gully 
growth was assumed to be a function of the volume of water 
runoff. However, as noted in Equation 7, depths of runoff 
were used in the calculations since volume is obtained by 
multiplying depth times area, and area is a constant for all 
three sets of land use systems for any one subwatershed* 
Table 23 • A oomparleon of annual monetary gully damages due to land voiding and 
depreciation under continued predevelopment land use systems and under 
two sets of optimal land use systems, identified by subwatershed and 
damage reach, Hound Dog Creek Watershed 
Total annual $ damage Present value of annual 
È damaee* 
Sub­ Gully Pre­ Plans Plans Pre­ Plans Plans 
water­ damage devel­ A B devel­ A B 
shed reach opment opment 
(1) (2) (3) (4) (5) (6) (7) (8) 
A 1 . 2.89 5.73 5.18 856 1697 1534 
B 2 14.53 17.09 15.56 4303 5062 4608 
C 3 7.14 7.31 6.47 2115 2165 1916 
D 4 16.57 14.48 13.42 4908 4289 3975 
5 3.32 2.37 2.89 983 702 856 
£ 6 19.44 13.26 19.81 5758 3927 5867 
P 7 19.68 10.74 12.93 5829 3181 3929 
G 8 27.14 14.33 14.52 8038 4244 4300 
H 9 22.57 25.92 35.54 6685 7677 10526 
I 10 1.72 1.09 1.36 509 322 4o4 
Total 135.00 112.32 127.68 39984 33266 37815 
®The equivalent of the present value of an annuity increasing a constant 
amount each year over a 50 year period, using a 5^ discount rate. 
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3 Indicates that the adaption of either set of optimal plans 
would result In significant reductions In the annual acres 
that would be lost due to land voiding and depreciation. 
The reason that the reduction In the annual dollars damage 
resulting from the Introduction of either set of optimal 
plans Is considerably smaller percentage wise, than the re­
duction In physical losses is e^^lained by the fact that 
gully erosion under either set of optimal plans would be oc­
curring on land producing a higher net revenue than under 
predevelopment. 
Table 24 illustrates the division of estimated gully 
damages under the same three sets of conditions as they 
would occur by individual farm. Despite the fact that the 
introduction of either set of optimal plans would reduce or 
hold constant the physical rates of gully growth on every 
farm, their adaption would actually increase the annual 
dollar damage on several farms for the same reason as noted 
above. Land voiding and depreciation on these farms would 
occur on land producing a higher net revenue under optimal 
farm plans than under predevelopment farm plans. 
Ploodwater damages 
The previously described procedures that were used to 
estimate floodwater damages associated with predevelopment 
farm plans involved two basic steps; one, determination of 
Table 24. A comparison of annual monetary gully damages due to land voiding and 
depreciation under continued predevelopment land use systems and under 
two sets of optimal land use systems. Identified by farm, Hound Dog 
Creek Watershed 
Total annual $ damage Present value of annual it damage® 
Farm Pre­ Plans Plans Pre­ Plans Plans 
number devel­ A B devel­ A B . 
opment opment 
(1) (2) (3) (4) (5) (6) (7) 
7 0.0% 0.0 
9 3.83 4.64 4.56 1134 1374 1351 
10 0.0% — — 0.0 — — 
11 .61 1.45 1.28 181 429 379 
12 1.17 1.29 2,79 347 382 826 
13 9.74 12.23 13.70 2885 3622 4058 
15 39.14 39.21 36.02 11593 11613 10668 
16 17.91 16.61 22.47 5304 4919 6655 
17 19.36 9.95 9.78 . 5734 2947 2896 
18 0.0° — — 0.0 — — 
19 1.14 .98 1.11 338 292 329 
20 42.10 25.96 35.97 12469 7688 10653 
Total 135.00 112.32 127.68 39984 33266 37815 
®The equivalent of the present value of an annuity Increasing a constant 
amount each year over a 50 year period, using a discount rate. 
^Voiding and depreciation occurred on land already considered waste, there­
fore no monetary damage was assumed. 
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the time distribution of rainfall runoff from each storm 
during the historical period, and two, routing each of these 
storms through the floodplain to determine the area and time 
of inundation. Two parameters in the program that was used 
to determine the time distribution of rainfall runoff were 
the percent of terraced land in the runoff contributing 
sector of the watershed, and the percent of land in this 
sector that was under a com equivalent runoff cover. Both 
of these parameters affect the volume of runoff and the time 
distribution of runoff. Under predevelopment farm plans, 
31.7 percent of the runoff contributing area in the water­
shed was terraced and 46.8 percent was under a com equiv­
alent runoff cover. The adaption of either set of optimal 
farm plans would change these two parameters which affect 
the volume and time distribution of rainfall runoff, and 
hence, would be expected to change the amount of damages 
associated with any given storm. 
The percent of runoff contributing area that was ter­
raced, increased from 31.7 percent under predevelopment 
land use systems to 45.1 percent and 50.0 percent under 
optimal plans A and B respectively. Correspondingly, the 
percent of com equivalent runoff cover increased from 
46.8 percent to 49.3 percent and 53.8 percent respectively. 
The new time distribution and volume of runoff that would 
be associated with each storm under optimal plans B, were 
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calculated by replacing the above two parameters in the 
original program with the two new ones specified by plans B, 
Using these new estimates of time distribution and volume, 
the annual average floodwater damages were estimated in the 
same manner as described for estimating predevelopment dam­
ages. 
There was not a large difference between the predevel­
opment damages and those that would be associated with 
optimal plans B. In order to limit the cost of machine com­
puting, the floodwater damages that would be associated with 
optimal plans A were approximated. The approximation was 
made by making a linear interpolation of the differences in 
damages between predevelopment and plans B, based upon the 
relative change in the two parameters, the percent of land 
terraced and the percent of land under a com equivalent 
cover. Although it is known that changes in these two pa­
rameters may not affect the resulting damages in a linear 
fashion, the approximation was judged to be sufficiently 
accurate for the purposes used here. 
The average annual floodwater damages that would be 
associated with both sets of optimal farm plans are compared 
with the predevelopment estimates in Table 25. It is noted 
that the adoption of either set of optimal farm plans would 
decrease the average annual floodwater damages from those 
associated with predevelopment plans. Annual damages in the 
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Table 25. Floodwater damages associated with optimal land 
use systems, Hound Dog Creek Watershed 
Dollars damage Dollars damage 
Storm Pre- Plans Plans Storm Pre- Plans Plans 
number devel- A B number devel- A B 
opment® opment® 
1 463.75 483.85 491.75 23 162.60 151.71 147.21 
2 425.60 422.17 420.70 24 151.46 141.41 137.10 
3 366.70 316.30 294.70 25 139.00 134.53 132.60 
4 294.70 285.39 281.40 26 135.10 129.11 126.54 
5 277.20 272.16 270.00 27 129.80 123.61 120.95 
6 272.30 230.58 212.70 28 121.20 118.96 118.00 
7 244.90 218.88 207.72 29 114.09 111.23 110.00 
8 212.30 201.84 197.35 30 104.15 101.32 100.10 
9 211.50 200.36 197.01 31 95.74 93.12 92.00 
10 208.06 186.84 177.75 32 84.00 80.68 79.25 
11 194.49 182.74 177.70 33 76.25 73.42 72.20 
12 189.70 181.30 177.70 34 70.20 59.84 55.40 
13 189.70 180.29 176.25 35 65.19 47.33 39.67 
14 189.70 180.29 176.25 36 53.75 33.14 22.16 
15 189.70 180.29 176.25 37 50.60 25.55 14.82 
16 189.00 179.62 175.60 38 43.20 19.72 9.65 
17 188.30 178.96 174.95 39 36.45 15.35 6.30 
18 184.80 170.14 163.85 40 22.30 9.26 3.46 
19 183.25 166.95 159.96 41 16.95 5.09 0,0 
20 178.35 160.35 152.64 42 8.75 2,63 0.0 
21 176.25 159.63 152.50 43 6.00 1.80 •0.0 
22 170.73 162.60 158.60 44 2.25 .68 0.0 
Total damages 6895.11 6382.01 6l6l.o4 
Number of years precipitation record 68 68 68 
Average annual damages 101.40 93.85 90.60 
^Column (2), Table 13. 
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watershed would decrease from approximately $100 under pre-
development plans to approximately $93 and $91 with the 
adoption of optimal plans A and B respectively. The direc­
tion of change In the damages Is consistent with what one 
would anticipate because the diminishing effect on damages 
caused by the Increased terracing, would overbalance the 
Increasing effect on damages caused by a slightly higher 
percentage of com equivalent runoff cover. 
Net Returns Under Optimal Plans 
The present section presents a summary of the average 
annual net returns per farm that would be associated with 
the adoption of either of the two sets of optimal farm plans 
and compares them with the net returns that resulted from 
predevelopmènt plans. Net returns are again calculated for 
each farm by subtracting the hydrologie damages from the net 
revenue received from crop and livestock production. Table 
26 presents the estimated net returns under optimal plans A 
and B, while Table 27 compares the net returns under these 
two sets of plans with those under predevelopment plans. 
It is noted that the adoption of either set of optimal farm 
plans would increase the annual net returns on each of the 
20 farms associated with the watershed. Average annual net 
returns per farm would be increased from $7446 under pre­
development plans to $8747 and $10632 under optimal plans A 
and B respectively. 
Table 26. 
Farm 
number 
AnnusûL net returns under two sets of optimal farm plans, Hound Dog Creek 
Watershed 
Net revenue ouily erosion 
(dollars) (dollars) 
Plans Plans Plans A® Plans Plans A 
Ploodwater 
damages 
(dollars) 
Plans B 
Net returns 
(dollars) 
Plans A® Plans B® 
1 5329 7893 0.0 0.0 0.0 0.0 5329 7893 
2 18278 20705 0.0 0.0 0.0 0.0 18278 20705 
3 7599 7599 0.0 0.0 0.0 0.0 7599 7599 
4 1962 2225 0.0 0.0 0.0 0.0 1962 2225 
5 10380 12164 0.0 0.0 93.85 90.60 10286 12073 
6 2650 3396 0.0 0.0 0.0 0.0 2650 3396 
7 2912 4035 0.0 0.0 0.0 0.0 2912 4035 
8 4047 5819 0.0 0.0 0.0 0.0 4o47 5819 
9 9997 10314 4.64 4.56 0.0 0.0 9992 10309 
10 4173 6544 0.0 0.0 0.0 0.0 4173 6544 
11 10086 13296 1.45 1.28 0.0 0.0 10085 13295 
^Column (3), Table 15. 
^Column (4), Table 15. 
^Column (3)» Table 24. 
^Column (4), Table 24, 
^Listed to the nearest dollar. 
Table 26 (Continued) 
Farm 
number 
Net revenue 
(dollars) T 
Plans A® Plans 
Gully erosion Net returns 
(dollars) T 
Plans A® Plans B* 
Floodwater 
damages 
(dollars) (dollars) 
Plans A Plans B Plans A® Plans B® 
12 1768 2902 1.29 2.79 0.0 0.0 1767 2899 
13 12006 15339 12.23 13.70 0.0 0.0 11994 15325 
14 10090 13792 0.0 0.0 0.0 0.0 10090 13792 
15 17261 ' 19642 39.21 36.02 0.0 0.0 17222 19606 
16 12639 15736 16.61 22.47 0.0 0.0 12622 15713 
17 12323 13329 9.95 9.78 0.0 0.0 12313 13319 
18 14795 19015 0.0 0.0 0.0 0.0 14795 19015 
19 12049 12928 .98 1.11 0.0 0.0 12049 12928 
20 5154 6183 25.96 35.97 0.0 0.0 5126 6147 
Total 174943 212637 
Average per farm 8747 10632 
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Table 27, A comparison of annual net returns under predevel 
opment farm plans and under two sets of optimal 
farm plans, Hound Dog Creek Watershed 
Net returns 
Farm Predevelopment® Plans A® Plans B® 
number (dollars) (dollars) (dollars) 
1 4859 5329 7983 
2 15047 18278 20705 
3 7059 7599 7599 
4 1146 1962 2225 
5 7683 10286 12073 
6 1784 2650 3396 
7 2553 2912 4035 
8 2207 4047 5819 
9 9203 9992 10309 
10 1065 4173 6544 
11 8554 10085 13295 
12 1634 1767 3899 
13 11007 11994 15325 
14 9731 10090 13792 
15 12989 17222 19606 
16 10561 12622 15713 
17 11573 12313 13319 
18 14784 14795 19015 
19 10418 12049 12928 
20 5055 5126 10632 
Total 148924 174943 212637 
Average per farm 7446 8747 IO632 
^Column (5)I Table 14. 
^Column (8), Table 26. 
^Column (9)I Table 26, 
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CONCLUSIONS 
Income and Hydrologie Effects 
of Alternative Watershed Plans 
The adoption of alternative farm plans which have been 
examined In this study, as opposed to a continuation of pre-
development plans, would exert changes on watershed partici­
pants In two major ways; one, It would change the level and 
mix of production activities, thereby directly affecting the 
amount of Income they received, and two. It would affect the 
magnitude of hydrologie damages in the watershed, thereby 
further altering their Income In an Indirect manner. The 
extent to which such changes would occur as a result of 
adopting either of the two alternative sets of plans will be 
reviewed In this section. 
Income effects 
The Implication of the Introductory statement Is that 
the Income effects resulting from alternative plans In the 
watershed, may be divided Into direct effects and Indirect 
effects. The direct effects refer to changes in net rev­
enue resulting from alternative production plans, while the 
Indirect effects result from the changes In the hydrologie 
damages which are associated with these plans. Table 28 
presents the direct and Indirect Income effects that would 
result from adopting either of optimal plans A or B, as op-
Table 28. Direct, Indirect and total Income effects from adopting optimal farm 
plans as opposed to a continuation of predevelopment farm plans. 
Hound Dog Creek Watershed 
Direct Income effects® Indirect income effects^ Total income effects 
Farm Plans A Plans B Plans A Plans B Plans A° Plans B& 
number (dollars) (dollars) (dollars) (dollars) (dollars) (dollars) 
(1) (2) (3) (4) (5) (6) (7) 
1 470 3034 0.0 0.0 470 3034 
2 3231 5658 0.0 0.0 3231 5658 
3 540 540 0.0 0.0 540 540 
4 8l6 1079 0.0 0.0 816 1079 
5 2596 4380 7.55 10.80 2604 4391 
6 866 1612 0.0 0.0 866 1612 
7 359 1482 0.0 0.0 359 1482 
8 l84o 3612 0.0 0.0 l84o 3612 
9 790 1107 -.81 -.73 789 1106 
10 3108 5479 0.0 0.0 3108 5479 
11 1531 4741 -.84 -.67 1530 4740 
^Represents changes in net revenue resulting from the adoption of optimal 
plans, as opposed to a continuation of predevelopment plans. 
^Represents changes in hydrologie damages resulting from the adoption of 
optimal plans, as opposed to a continuation of predevelopment plans. 
^Column (2) plus Column (4), listed to the nearest dollar. 
^Column (3) plus Column (5)» listed to the nearest dollar. 
Table 28 (Continued) 
Direct income effects* Indirect income effects® 
Farm Plans A Plans B Plans A Plans B 
number (dollars) (dollars) (dollars) (dollars) 
(1) (2) (3) (4) (5) 
12 133 1267 -.11 -1.62 
13 989 4322 -2.49 -3.96 
14 359 4o6l 0.0 0.0 
15 4233 6614 -.07 3.12 
16 , 2060 5157 1.30 -4.56 
17 732 1738 9.41 9.58 
18 11 4231 0.0 0.0 
19 1630 2509 .16 .03 
20 47 1076 16.14 6.13 
Total 26341 63699 30.24 18.12 
Average 
3185 per farm 1317 1.51 .91 
Plans AT Plans B* 
(dollars) (dollars) 
(6) (7) 
133 
987 
359 
4233 
2061 
741 
11 
1630 
63 
26371 
1319 
1265 
4318 
40 61 
6617 
5152 
1748 
4231 
2509 
1082 
63716 
3186 
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posed to a continuation of predevelopment plans over the 50 
year planning period. It Is noted that the adoption of 
either set of optimal plans wotild result in positive total 
income effects on every farm associated with the watershed. 
The adoption of optimal plans A, as opposed to a continua­
tion of predevelopment plans, would have an average total 
income effect per farm of #1319, while the adoption of op­
timal plans B would have an average total Income effect of 
#3186, It is further noted that nearly all the increased 
income would be accounted for by the direct income effects, 
namely, increases in net revenue from crop and livestock 
production. The Indirect income effects, that is the reduc­
tions in hydrologie damages, would contribute an insignifi­
cant amount to the total income effects on a relative basis. 
A' major reason for the small absolute reductions in hydro-
logic damages lies in the fact that the level of such dam­
ages associated with predevelopment plans was low, as was 
previously illustrated in Table l4. On some farms it is 
noted that the hydrologie damages would be actually increased 
as a result of adopting optimal plans. These increases 
would be paused by increases in gully erosion on farms where 
the volume of runoff would be greater with the adoption of 
optimal farms. 
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Hydrologie effects 
The relative Income effects caused by changes In the 
hydrologie damages associated with two sets of alternative 
farm plans were Included In the above discussion. Also of 
Interest; are the changes In the physical magnitude of the 
damages that would accompany an application of alternative 
farm plans. The data In Table 21 Indicate that the intro­
duction of either plans A or B would result In a signifi­
cant decrease In the rate of sheet erosion occurring on 
farms In the watershed. Annual tons soil loss per tillable 
upland acre would decrease from an average per farm figure 
of 13.9 to 2,3 and 3.0 with the adoption of plans A and B 
respectively. This represents decreases of approximately 
84 percent and 77 percent. These decreases In rates of 
sheet erosion were In large part guaranteed by the planning 
procedures followed, which specified that no land use sys­
tems could enter the planning model as a potential produc­
tion activity If they would result In greater than 6 tons 
per acre annual soil loss. 
The introduction of the optimal plans would be some­
what less effective in reducing rates of gully erosion than 
they would be in reducing sheet erosion. Table 22 has sum­
marized the rates of gully erosion in terms of annual acres 
voided and depreciated, that would be associated with the 
three sets of plans. The annual acres voided would be de-
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creased from approximately 3,5 acres under predevelopment 
plans to 2,7 and 2,5 acres under plans A and B respectively. 
These changes from the predevelopment rate, represent 
approximate decreases of 23 percent and 29 percent for the 
two plans respectively. Similarlly, the annual acres de­
preciated by gully erosion would be decreased by approx­
imately 18 percent and 22 percent by Introducing plans A and 
B respectively. 
Two measures of rainfall runoff are of Interest as they 
relate to potential flooding In the watershed; peak dis­
charge and volume of runoff. Using the largest flood dam­
age producing storm that occurred during the historical pe­
riod, the data from the rainfall runoff program Indicated 
that the maximum peak discharge from this storm under pre­
development land use systems would be 1371 cubic feet per 
second. The adoption of optimal plans A would reduce this 
maximum discharge from a storm of similar magnitude to 1215 
cubic feet per second and plans B would further reduce this 
figure to 1148 cubic feet per second. Volume of runoff, 
the second variable of Interest, would be reduced for the 
same magnitude storm, from 5,31 square mile Inches under 
predevelopment conditions to 5,16 square mile Inches and 
5.09 square mile Inches under conditions Imposed by plans A 
and B respectively. An additional measure of magnitude as 
related to the present study is the maximum number of acres 
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that would be Inundated at any one point In time. Data from 
the flood routing program Indicated that for the above same 
storm, the maximum area Inundated would be 152 acres. The 
acreage Inundated from the same storm under plans A would 
be reduced to 142 acres, and under plans B, to 138 acres. 
The above discussion on the Income and hydrologie ef­
fects of alternative farm plans points to the following con­
clusion; the Income effects due to decreases In hydrologie 
damages are small In an absolute sense and appear Insignifi­
cant relative to the Income effects resulting from the In­
creased net revenue from crop and livestock production. A 
major reason for this situation Is that the level of hydro-
logic damages associated with predevelopment plans was low, 
and hence, the absolute magnitude of any changes were low. 
However, as the discussion of the hydrologie effects In­
dicated, the relative or percentage changes In the physical 
magnitude of hydrologie damages were of much greater signi­
ficance. 
Non-measured effects 
The analysis of the Income effects resulting from 
changes in hydrologie damages has dealt exclusively with 
those damages which were deemed to be measurable m mone­
tary terms, it Is well known that certain effects other 
than those which have been measured In this Investigation, 
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would be likely to occur as a result of Introducing alter­
native sets of farm plans in the watershed. For example, 
the analysis indicated that the annual rates of sheet ero­
sion in the upland areas of the watershed would be reduced 
considerably under land use systems specified by optimal 
plans. No monetary evaluation of such a change was attempted 
in this analysis. It is reasonable to argue that a decrease 
in the rates of sheet erosion would slow down the deteriora­
tion in soil productivity over an extended period of years, 
and therefore, such an effect should be credited with a 
monetary value. In the particular watershed examined in 
this study, one might also argue that the value from such 
decreases in the rates of sheet erosion would be low, since 
the watershed is located in the deep loess soils area of 
western Iowa where loss of topsoil is not as serious a prob­
lem as in Other areas. 
A second potential benefit from introducing the optimal 
farm plans in the watershed, and one which was not quanti­
fied in the present study, would be the reduction in off-
watershed downstream flooding. It was previously indicated 
that the adoption of optimal farm plans would reduce the 
peak discharge and volume of runoff from any given storm. 
Thus It is reasonable to believe that the reduced rates and 
volumes of runoff could reduce downstream flooding. The 
potential of such benefits would be dependent upon several 
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factors including the extent of the downstream flood damages 
and the degree of coincidence between downstream flooding 
and heavy rates of runoff in the watershed under analysis. 
The problem of determining the probabilities of the joint 
occurrence of rainfall runoff from all tributaries upstream 
to the location of flooding would also have to be overcome, 
in order that the correct percentage of damages could be 
allocated to runoff in any one watershed. Any reductions in 
damages from downstream flooding that would result from 
changes in land use within a small watershed of the size of 
the present one under analysis, would appear to be quite 
limited. 
Reductions in rates of both sheet and gully erosion 
would mean that less silt would be deposited in the lower 
land areas of the watershed. This decrease could mean that 
there would be less potential damage to roads, bridges, and 
drainageways, and therefore, might be credited with some 
monetary value. 
In the case of the above examples, no attempt was made 
in the present study to evaluate the potential benefits that 
might result from introducing the alternative plans in the 
watershed for the primary reason that problems of measure­
ment would be likely to preclude arriving at reliable esti­
mate*, and second, because the potential benefits from such 
sources in this watershed appear to be quite limited* 
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Conclusions With Reference to Study Objectives 
The present section presents the conclusions with ref­
erence to the two major study objectives as they were stated 
In the second chapter. 
Achievement of the norm 
The norm for watershed development takai for this study 
was that allocation of private and public resources which 
subject to the relevant restrictions, would maximize the 
present value of the future stream of net returns to the 
group of watershed participants over the 50 year planning 
period. An added restriction was that no one participant 
should experience an absolute financial loss as a result of 
any watershed reorganization. The extent to which farm 
planning, Involving only a reorganization of the resources 
under predevelopment management, would result In achieving 
the norm for development was the first objective which will 
be examined with reference to the findings In this study. 
The extent to which the reorganization of predevelop­
ment resources on farms In the watershed would be consistât 
with achieving the development norm may be determined by 
examining the components of net returns under the reorgani­
zation with reference to the watershed participants to whom 
they accrue. With regard to the net revenue component, the 
planning procedures guaranteed that this measure would be 
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maximized for all farm operators associated with the water­
shed, subject to the restrictions and assumptions used In 
the planning model for each farm. An Indirect participant 
who would also be affected as a result of farm planning 
would be the Federal Government. The Increased terracing 
that was specified by optimal plans A In the watershed would 
cost the Federal Government approximately $24000 as Its 
share of the terracing costs under the Agricultural Conser­
vation Program. One could claim that a portion of this ex­
penditure would be recovered through higher tax revenues 
from the Increased Income of other watershed participants, 
however, this amount would not be sufficient to cover the 
expenditure made by the Government, Therefore, with respect 
to the Federal Government as one of the watershed partici­
pants, the restriction that no participant should experience 
an absolute financial loss as a result of any reorganization 
would be violated. 
The hydrologie damages are the second component of net 
returns which would affect watershed participants as a re­
sult of resource reorganization. Table 28 has indicated 
the direction which this component would move as a result of 
a reorganization specified by plans A and how it would af­
fect farm participants. It is noted that In the case of 5 
farms, the hydrologie damages would actually be increased 
to a small extent as a result of reorganization. However, 
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this change In Itself does not represent a violation of the 
development norm because these Increases in damages are 
strongly counterbalanced by the increases in the net revenue 
component. 
The critical remaining question with respect to hydro-
logic damages is whether or not these damages in the water­
shed are minimized as a result of farm planning. Minimiza­
tion of damages does not imply that they be reduced to a 
zero level; but implies that they would be reduced to the 
point where it would not be economically feasible to intro­
duce further measures for their control. A precise answer 
to this question as it pertains to Hound Dog Creek Water­
shed would require a comprehensive analysis of several al­
ternative control measures which is beyond the scope of 
this study. However, a tentative answer to the question 
may be given by using the data available. Table 23 pre­
sented the present value of annual damages over the 50 year 
planning period that would result from gully erosion in 
each of the subwatersheds. Under plans A, which are those 
resulting from a reorganization of predevelopment resources, 
the present value of the annual damages as they have been 
evaluated In this study would be considerably less than the 
cost of the structural control measures which have been 
proposed by the Soil Conservation Service (28). Jn addi­
tion to the gully damages, the analysis of flooding in the 
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watershed indicated that annual damages of approximately $9% 
would be associated with optimal plans Â, amounting to a 
present value of $1714 over the 50 year period assuming a 5 
percent rate of discount. This point immediately raises 
the question as to whether the above mentioned structures 
might not be credited with controlling the flooding in addi­
tion to the gully erosion, as they were designed as multi­
purpose control measures. An allocation of the benefits to 
be derived from controlling the flood damages was made among 
the structures on the basis of their potential contribution 
to control. However, thé present value of the benefits 
that could be claimed for controlling both gully erosion 
and flooding would still be considerably less than the esti­
mated cost of the structural control measures. 
The above comparison of the benefits and costs that 
would result from the introduction of the proposed control 
measures has considered only one combination and design of 
structures. It is possible that a less costly combination 
of structures might be designed which would achieve full 
control of soil and water problems, however, the large dif­
ference between the benefits and costs for the above men­
tioned proposal would tend to suggest that such would not 
be the case. 
The examination of the results which were relevant to 
the first study objective appear to warrant the conclusion 
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that given the assumptions under which the present analysis 
was made, the norm for watershed development could be 
achieved in Hound Dog Creek Watershed through a reorganiza­
tion of the predevelopment level of resources on each of 
the farms associated with the watershed. One exception was 
noted, that being the case in which the Federal Government 
would experience a net loss as a result of the reorganiza­
tion. It should be noted however, that this condition could 
be removed within the proposed framework of planning. Since 
the full costs of terracing were charged against this activ­
ity in the linear programming models, any terracing that was 
specified by the optimal plans would be profitable regard­
less of who paid their cost. Therefore, the loss experi­
enced by the Federal Government as a result of its cost 
sharing on terrace construction could be simply removed by 
allowing each farm operator to pay the full cost of ter­
racing, Such action could remove the only obstacle to full 
achievement of the norm for watershed development in Hound 
Dog Creek Watershed resulting from a reorganization of 
resources <m farms associated with the watershed. 
Implications of Increased capital and labor 
The second set of optimal plans which were developed 
Xn this study and which have been referred to as plans B, 
were developed under the assumption that capital could be 
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borrowed and labor could be hired In order to supplement the 
predevelopment level of resources. Table 20 has presented 
the amounts of labor hiring and capital borrowing that would 
be necessary if plans B were introduced. The fact that both 
labor hiring and capital borrowing would be profitable ac­
tivities is illustrated by the evidence that adoption of 
plans B would result in additional labor and capital use on 
every farm associated with the watershed on which these two 
activities were permitted in the planning model. Including 
all farms with land in the watershed, a total of 9353 annual 
hours of labor would be hired and a total of #104530 would 
be borrowed in order to implement the plans. 
The introductory section in this chapter which dealt 
with the income and hydrologie effects of both sets of op­
timal plans, indicated that increased capital and labor use 
would exert significant positive total income effects on 
farm participants. Relative to the predevelopment level of 
income, the introduction of plans B would result in an av­
erage increase in income of $3186 per farm. The increase 
in income would be composed almost entirely of increases in 
net revenue from crop and livestock production, with only a 
fractional percentage Taeing accounted for by decreases in 
hydrologie damages. The comparison of plane B and plans A 
show that the increased capital and labor use accompanying 
plans B would raise the average income per farm by $1885 
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above that amount which could be expected from plans A. In 
this case, all of the increased income would be accounted 
for by increases in net revenue from crop and livestock 
production. In fact, hydrologie damages would actually be 
increased by approximately three percent by moving from 
plans A to B. This phenomenon is explained by the fact that 
while physical rates of gully erosion would be slightly de­
creased by such a move, the monetary damages would show a 
slight increase because the erosion under plans B would be 
occurring on land producing a higher net revenue than under 
plans A. 
The analysis of the effects of Increased capital and 
labor use being applied by farm operators in the watershed 
does not appear to alter the previous conclusion that the 
norm for watershed development could be achieved in Hound 
Dog Creek Watershed by means of individual farm planning. 
In this case, net returns are maximized at a higher level 
due to greater availability of capital and labor resources. 
The Federal Government would again experience a net loss as 
a result of its cost sharing program on terrace construc­
tion, however, as noted previously, this condition could be 
removed by allowing each farm operator to pay the full cost 
of terrace construction. 
A third watershed participant In addition to the Fed­
eral Government and the farm operators associated with the 
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watershed Is Fremont County. The effects of applying farm 
planning as a means towards watershed development would ap­
pear to be almost neutral In reference to the third partic­
ipant. The discussion on non-measured effects did note 
however, that potential damage to county facilities such as 
roads and bridges would be reduced as a result of adopting 
optimal farm plans In the watershed. 
Limitations of the Investigation 
The degree of confidence which may be placed In the 
conclusions Is dependent upon the extent of the limitations 
In the assumptions and procedures used In the study. The 
present section will present a brief discussion of what ap­
pear to have been the major limitations In the present in­
vestigation. 
Pyrm Planning models 
The models that were used for farm planning In this 
study were purely static models which assumed the planning 
horizon to be a single production period. Revenues and 
costs from alternative activities were discounted over the 
50 year period In order to determine whether they would 
yield positive net benefits and hence, whether they would 
enter the model as a feasible activity. It Is known that 
this approach Is an over simplification of the production 
process as It actually occurs over time because It Ignores 
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the Interyear relationships whloh connect the activities In 
the system. In order to use a type of model which would 
give proper consideration to time effects, a considerable 
amount of the detail that was used In the models for the 
present study would have to be sacrificed to keep the size 
of the problem within manageable bounds. Therefore, the 
benefits to be gained from use of a dynamic model must be 
measured against the costs resulting from loss of detail 
with respect to specification of activities and resource re­
strictions. 
The use of a static model Implied the assumption of 
constant relative prices and Input-output coefficients over 
the 50 year planning period. It Is well known that any 
changes In these relationships over time could alter the 
normative combination of production activities which were 
specified by the optimal plans In the present study. 
Management was assumed to be at a constant level not 
only as it was applied among production activities on a 
single farm but also as It was applied among farms. Ex­
perience would Indicate that there Ig likely to be consider­
able variation In management capabilities among farm oper­
ators and also differences In the capabilities with which 
any one farm operator manages a variety of crop and live­
stock activities. 
The effects of any land Improvement or conservation 
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practices In the watershed were assumed to be Instantaneous 
and constant over the planning period. In the case of ter­
racing for example, It Is known that there are restoration 
of fertility problems following their construction and that 
the full benefits to be gained from the added terraces may 
not be realized for three or four years after construction. 
The severity with which one Interprets the limitations 
that have been mentioned Is In part dependent upon which 
aspects of the results one Is Interested. The net returns 
that would be associated with three different systems were 
examined In the study. If the Interest lies primarily In 
the absolute magnitude of the net returns accruing to the 
group of watershed participants under each of the systems, 
then a more severe Interpretations of the limitations Is 
warranted than If the Interest Is primarily In the relative 
magnitude of the net returns under the three systems. The 
reason for this statement Is that the limitations which 
have been mentioned would be more likely to alter the abso­
lute magnitude of the net returns under the three systems 
than they would the relative net returns among the systems. 
Measurement of hydrologie damages 
The two types of hydrologie damages on which a mone- , 
tary value was placed In this study were gully erosion and 
flooding. The analysis of gully erosion assumed that the 
138 
rates of gully growth over the 50 year planning period would 
be a function of the volume of rainfall runoff from the con­
tributing sector of the watershed within which the particu­
lar gully was located. Although the volume of runoff Is 
known to be an Important factor In contributing to gully 
erosion, It Is an over simplification to assume that It Is 
a function of this variable alone. A recent study by Beer 
(3) reviewed the literature relating to gully development 
and also applied the technique of multiple regression to 
data from Steer Creek Watershed In Harrison County, Iowa, 
in an effort to determine those variables which contributed 
most to gully development. His analysis suggested that other 
variables in addition to volume of runoff were important in­
cluding the gully length at the beginning of the period and 
the length from the end of the gully to the watershed divide. 
The critical assumption in regard to the flood analysis 
was that the flood damage to crops is basically a function 
of the duration of inundation. Most previous research and 
current evaluation procedures assume that depth of inunda­
tion is the major factor in causing flood damages. As will 
be illustrated in the last section of this Chapter, these 
two assumption can result in large differences in estimates 
of floodwater damages, 
A weakness in the flood analysis in Hound Dog Creek 
Watershed was the lack of accurate information regarding the 
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dimensions of the channel across the bottomlands and the 
outlet Into the Nlshnabotna river. Since this study was In­
itiated, the channel and outlet have been enlarged and no 
accurate records were available as to the dimensions of the 
old channel and outlet. These two dimensions are of con­
siderable Importance In making a flood analysis because they 
In part determine how rapidly floodwaters will recede from 
the floodplaln after a flood producing stoznn. 
Again, the limitations which have been mentioned with 
regard to measurement of hydrologie damages are more likely 
to affect the absolute magnitude of the damage estimates 
under each set of plans than they are to affect the percent­
age change which one could expect from adopting one set of 
plans as opposed to another set. 
Implications of the Results for 
Watershed Planning and Future Research 
The present study was made with reference to a specific 
watershed in southwestern Iowa, however, some of the Infor­
mation gained from this study merits a broader Interpreta­
tion than the base from which It was derived. The present 
section will discuss the implications which the results 
could have for future watershed planning and research. 
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Watershed planning 
The results of the Investigation reaffirm previous 
evidence which shows that there Is a complementary relation­
ship between Increasing net revenue by means of a reorgan­
ization of the production process and decreasing water run­
off and Its accompanying damages on a watershed basis. In 
the present study It was found that decreases of as much as 
84 percent for sheet erosion, 29 percent for gully erosion 
and 11 percent for flooding would accompany a move from pre-
development farm plans to one of the two optimal farm plans 
considered. Because the hydrologie damages associated with 
predevelopment plans were not large In this watershed, these 
percentage decreases in damages did not result In large 
absolute decreases In the amounts of damage. The fact that 
nearly^32 percent of the runoff contributing sector of the 
watershed was terraced during the predevelopmait period In 
part accounts for the low level of predevelopment damages. 
There Is sound reason to believe that In watersheds where 
damages were severe and where little or no terracing 
existed, one could expect larger percentage decreases In 
hydrologie damages as a result of adopting new land use and 
treatment measures. Caution must be used In generalizing 
from the results of this study because the effectiveness of 
land use and treatment measures In controlling rainfall run­
off l8 partly a function of the soils area within which the 
I4l 
watershed is located. The deep loess soils area of western 
Iowa permits the use of level terraces which are consider­
ably more effective in controlling rainfall runoff than are 
graded terraces which are more commonly used in other re­
gions of the nation. 
To the extent that one can generalize from the above 
results, they suggest some important implications for water­
shed planning. In view of the costly nature of structural 
control measures, it would seem appropriate that a full ex­
ploration of the extent to which hydrologie damages can be 
controlled by changes in land use and treatment measures 
should be made in a watershed before consideration is given 
to structures for this purpose. In those watersheds in 
which land use and treatment measures proved to be adequate 
in controlling rainfall runoff, there would be no need for 
a Public Law $66 program in that watershed. Watershed de­
velopment could be achieved with the aid of other existing 
programs such as those sponsored by the Soil Conservation 
Service and the Cooperative Extension Service. The present 
study has made use of a procedure that could be useful in 
making an inventory of watersheds to determine the extent 
to which changes in land use systems would be effective in 
controlling rainfall runoff. The method developed by Palmer 
(20) and applied in this study, for estimating the volume 
and time distribution of rainfall runoff from contributing 
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sectors of a watershed, could be used for this purpose. It 
is well suited to this purpose in that various assumptions 
regarding type of land cover, percentages of terracing and 
size of watershed can be made. Use of this procedure would 
permit making an intelligent estimate of whether or not hy­
drologie damages could be controlled by changes in land use 
systems alone. In addition, it would provide a basis for 
placing a development priority among watersheds which were 
included in the inventory. 
Future research 
Reliable economic smalyses of alternative watershed de­
velopment programs are dependent upon the accuracy of the 
physical data which is available. The present status of 
research information relating to small watersheds seem to 
suggest that priority should be placed on improving the 
reliability of certain physical data as opposed to an exten­
sion of economic analyses based on existing data. The 
specification of alternative economic models serves the pur­
pose of identifying the data that is necessary for their em­
pirical application, A sufficient number of such models 
seem to be available to serve this purpose at the present 
time. These range from the simple farm planning models 
used in the present analysis to the more sophisticated wa­
tershed planning models of the type suggested by Heady (8), 
1^ 3 
The major weakness In the present data relating to 
small watersheds appears to lie In the measurement of hydro-
logic damages. Flooding and gully erosion are usually the 
two most common types of hydrologie damages found In small 
watersheds, therefore, reliable estimates of their magnitude 
are crucial In making comparisons of alternative watershed 
development programs. The present study has clearly pointed 
to the Importance attached to the assumptions underlying the 
evaluation of floodwater damages. Damages to crops as a 
result of flooding were assumed to be primarily a function 
of duration of Inundation. If depth had been considered to 
be the major factor in causing flood damages as is commonly 
done in current evaluation procedures, thw the estimate of 
axmual dollars damage would have been much different. Con­
sidering the largest damage producing storm during the his­
torical period, information from the flood routing program 
showed that a maximum of 152 acres would have been inundated 
at an average depth of one and one tenths feet. Using depth 
as the factor contributing to damages, the above storm would 
have resulted in damages of approximately $1744 under cur­
rent evaluation procedures. In the present study where du­
ration was assumed to be the contributing factor with dam­
ages not occurring until crops had been Inundated a minimum 
of 24 hours, it was noted that damages resulting from this 
storm were estimated to be approximately $484, This example 
1# 
serves to illustrate the critical nature of the assumptions 
underlying the analysis of flood damages. 
It has been previously been mentioned in this study 
that the information on factors contributing to gully de­
velopment is not complete, m order to make reliable pre­
dictions of future gully growth over any planning period as 
a basis for placing a monetary value on such erosion, it is 
necessary to have full information on the factors which 
cause gully development. 
Priority for studies relating to the effects of flood­
ing on alternative cropping systems and to factors contrib­
uting to gully development would seem to be warranted in 
any future research relating to small watersheds. 
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SUMMARY 
Efforts to provide assistance In controlling soil and 
water problems In small watersheds culminated In 195^ with 
the passage by Congress of the Watershed Protection and 
Flood Prevention Act. The Act has become known as Public 
Law 566 or as the Small Watershed Act. Basically, the leg­
islation provides government assistance for planning works 
of Improvement, government cost sharing on control structures 
and loans to local organizations for developing small water­
sheds. 
The enactment of Public Law 566 Immediately pointed to 
a need for research to provide Information to planning agen­
cies regarding land and water use within small watersheds. 
In response to such a need, the Iowa Agricultural and Home 
Economics Experiment Station In cooperation with the Econom­
ic Research Service, U.S.D.A., Initiated a research project 
In 1954 to study various aspects of small watershed develop­
ment. The project Is Interdisciplinary In nature, Involving 
the Departments of Agricultural Engineering, Agronomy, and 
Economics and Sociology. The present study was one of sev­
eral which have been conducted under this continuing cooper­
ative project. 
The results of previous studies provided some evidence 
that changes in land use systems were an effective means of 
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controlling rainfall runoff and Its accompanying damages. 
Reliable Information on this matter is of importance because 
if changes in land use systems can supplement or in some 
cases substitute for the more costly structures as a means 
of runoff control, a potential saving in future Federal, 
State and local e3Q)enditures under the small watershed pro­
gram would seem possible. The previous studies also indi­
cated that changes in land use systems as opposed to a con­
tinuation of existing patterns of use, were effective in 
increasing on-farm net revenues and therefore, that a com­
plementary relationship existed between increasing on-farm 
revenues and decreasing inter-farm hydrologie damages. The 
present study was devoted mainly to strengthening the in­
formation relating to these matters. 
Hound Dog Creek Watershed, a 3100 acre drainage area 
in Fremont County, southwestern Iowa, was selected to pro­
vide a basis for the Investigation. The norm for watershed 
development was considered to be that allocation of private 
and public resources vAiich subject to the relevant restric­
tions, would maximize the present value of the future 
streams of net returns to the group of watershed partici­
pants over a 50 year planning period. An added conditiw 
was that no single participant should experience an absolute 
financial loss as a result of any watershed reorganization. 
Net returns were defined as the net revenue from crop and 
14? 
livestock production, minus the value of the hydrologie dam­
ages. The major objective of the study was to determine the 
extent to which the application of optimal farm plans In the 
watershed would be consistent with achieving the norm for 
watershed development. 
The present value of the net returns that could be 
expected to accrue to the group of watershed participants 
over the 50 year planning period was estimated under three 
sets of conditions: 
1) Where a continuation of predevelopment farm 
plans was assumed to prevail 
2) Where predevelopment farm plans would be replaced 
by a set of optimal farm plans derived under the 
assumption that farms possessed the same level of 
resources as were used during the predevelopment 
period (plans A) 
3) Where predevelopment farm plans would be replaced 
by a set of optimal farm plans derived under the 
assumption that capital borrowing be permitted to 
the extent that the returns on the last unit of 
capital used would just equal the cost of borrow­
ing that unit (plans B), labor hiring was also 
permitted in this case. 
Predevelopment net revenue from crop and livestock pro­
duction on each of the farms associated with the watershed 
148 
was estimated from data obtained from field schedules, the 
Soil Conservation Service and Iowa State University. 
Optimal farm plans were prepared through the combined use of 
cost-benefit analysis and linear programming. In each case 
the estimated hydrologie damages that would be associated 
with the set of watershed plans, were subtracted from the 
net revenue on farms on which the damages occurred, to de­
termine the net returns. 
Results of the study Indicated that average per farm 
net returns of #?446 that would be expected annually under 
continued predevelopment plans, could be Increased to $874? 
with the adoption of plans A, and to $106)2 with the adop­
tion of plans B. Examining hydrologie damages as a sep­
arate component of net returns, the results Indicated that 
gully erosion could be reduced as much as 29 percent and 
flooding as much as 11 percent by moving from predevelop-
ment plans to optimal plans. Physical rates of sheet ero­
sion could be reduced as much as 84 percent by a similar 
move. This complementary relationship between Increasing 
on-farm net revenues and decreasing inter-farm hydrologie 
damages was accounted for by the fact that moving from pre-
development plans to optimal plans resulted In a more In­
tensive crop and livestock production. The more intensive 
production would decrease rainfall runoff as well as in­
crease net revenues because the more Intensive crop rota-
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tlons would be accompanied by Increased terracing which 
would more than offset the heavier runoff Index associated 
with the Intensive rotations. 
The results of the study suggested the conclusion that 
^ ' 
the norm for watershed development could be achieved In 
Hound Dog Creek Watershed through an application of optimal 
farm planning. This statement Implies that net revenue 
from production could be maximized and that hydrologie dam­
ages could be minimized, thereby resulting in maximum net 
returns to the group of watershed participants including 
the Federal Government, Fremont County and the farm opera­
tors. 
Although the study was made with reference to a specif­
ic watershed, the results have broader implications. 
Changes in land use and treatment measures were found to be 
an effective means of controlling rainfall runoff and its 
accompanying damages. To the extent that such measures can 
supplement and some cases substitute for more costly struc­
tural measures as a means for runoff control, a potential 
saving in Federal, State and local expenditures under the 
small watershed program appears to exist. The study also 
Illustrated a need to devote research efforts towards im­
proving the measurement and evaluation of hydrologie dam­
ages In small watersheds. 
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APPENDIX A: CROP DATA 
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Table 29. Yield per acre for alternative crop rotations In 
combination with specific conservation practices 
on major soil classes. Hound Dog Creek Watershed 
KO fertilizer applied 
Rota- Unit No Con- Ter- No Con- Ter-
tlon conser- toured raced conser- toured raced 
vatlon vatlon 
Monona, 2-4.9#, slight to moderate erosion 
C bu. 29 31 31 6l 66 66 
C bu. 46 50 50 63 68 68 
c bu. 43 46 46 63 68 68 
Os bu. 36 36 36 44 44 » 44 
c bu. 53 58 58 64 69 69 
Sb bu. 22 24 24 25 27 27 
c bu. 47 52 52 63 68 68 
0 bu. 36 36, 36 44 44 44 
M tons 2.4 2.4 2.4 3.0 3.0 3.0 
c bu. 53 58 58 64 69 69 
C bu. 47 51 51 63 68 68 
0 bu. 36 36 36 44 44 44 
M tons 2.4 2.4 2,4 3.0 3.0 3.0 
C bu. 54 . 59 59 64 69 69 
0 bu. 36 36 36 44 44 44 
M tons 2.4 2,4 2,4 3.0 3.0 3.0 
M tons 2,4 2.4 2,4 3.0 3.0 3.0 
G bu. 54 59 59 64 69 69 
0 bu. 36 36 36 44 44 44 
M tons 2.4 2,4 2,4 3.0 3.0 3.0 
M tons 2.4 2,4 2.4 3.0 3.0 3.0 
M tons 2.2 2.2 2.2 2.8 2.8 2,8 
M tons 1.9 1.9 1.9 2.5 2.5 2.5 
Monona, 5-8.9*, slight to severe erosion 
C bu. 24 26 27 51 55 59 
C bu. 39 42 44 53 57 61 
C bu. 36 39 41 53 57 61 
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Table 29 (Continued) 
No fertilizer applied 
Fertilizer applied at 
Rota­ mit No Con­ Ter­ No Con- Ter­
tion conser­ toured raced conser­- toured raced 
vation vation 
Os bu. 32 34 35 38 39 4o 
C bu. 45 48 51 54 58 62 
Sb bu. 20 22 23 22 24 25 
C bu. 40 43 45 53 57 6l 
0 bu. 32 34 35 38 39 4o 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
C bu. 45 kQ 51 54 58 62 
C bu. 40 43 45 53 57 6l 
0 bu. 32 34 35 38 39 40 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
C bu. 46 49 52 54 58 62 
0 bu. 32 34 35 38 39 4o 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
C bu. 46 49 52 54 58 62 
0 bu. 32 34 35 38 39 40 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
M tons 2.0 2.0 2.0 2.5 2.5 2.5 
M tons 1.7 1.7 1.7 2.2 2.2 2.2 
Monona, 9-13.9^, moderate to severe erosion 
C bu. 20 21 23 45 48 52 
C bu. 32 34 37 46 49 54 
C bu. 30 32 35 46 49 54 
Os bu. 28 29 31 35 36 37 
C bu. 37 39 43 47 50 55 
C bu. 33 35 38 46 49 54 
0 bu. 30 31 33 36 36 37, 
M tons 2.0 2,0 2.0 2,6 2.6 2.6 
C bu. 38 40 44 47 50 55 
0 bu. 32 33 35 36 36 37 
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Table 29 (Continued) 
Rota­
tion 
M . tons 2.0 2.0 2.0 2.6 2.6 2.6 
M tons 2.0 2.0 2.0 2.6 2.6 2.6 
C bu. 38 40 44 47 50 55 
0 bu. 32 33 35 36 36 37^ 
M tons 2.0 2.0 2.0 2.6 2.6 2.6 
M tons 2.0 2.0 2.0 2.6 2.6 2.6 
M tons 1.8 1.8 1.8 2.5 2.5 2.5 
M tons 1.5 1.5 1.5 2.3 2.3 2.3 
Monona, 14-17.9#, moderate to severe erosion 
C bu. 15 18 22 40 44 50 
C bu. 29 31 35 42 46 51 
C bu. 25 27 31 42 46 51 
Os bu. 23 25 29 33 34 36 
C bu. 32 34 40 45 48 53 
C bu. 28 30 36 44 47 52 
0 bu. 25 27 31 34 35 36 
M tons 1.8 1.9 2.0 2.4 2.5 2.6 
C bu. 35 37 42 46 49 54 
0 bu. 27 29 33 35, 35 36 
M tons 1.8 1.9 2.0 2.4 2.5 2.6 
M tons 1.8 1.9 2.0 2.4 2.5 2.6 
C bu. 38 4o 44 47 50 54 
0 bu. 27 29 33 35, 35 36 
M tons 1.8 1.9 2.0 2.5 2.6 
M tons 1.8 1.9 2.0 2.4 2.5 2.6 
M tons 1.6 1.7 1.8 2.2 2.3 2.4 
M tons 1.3 1.4 1.5 2.0 2.1 2.2 
Marshall, 2-4.9^, slight to severe erosion 
C bu. 29 32 32 66 70 70 
No fertilizer applied 
- Unit No Con- Ter-
oonser- toured raced 
vatIon 
Fertilizer applied at 
recommended rate 
No Con- Ter-
conser- toured raced 
vation 
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Table 29 (Continued) 
NO fertilizer applied 
Rota- Unit No Con- Ter- No Con- Ter-
tlon conser- toured raced conser- toured raced 
vatIon vatlpn 
c bu. 47 52 52 68 73 73 
c bu. 44 48 48 68 73 73 
Os bu. 35 35 35 45 45 45 
C bu. 54 60 6o 69 74 74 
Sb bu. 24 27 27 26 28 28 
C bu. 48 54 54 68 73 73 
0 bu. 35, 35, 35, 45 45 45 
M tons 2.4 2.4 2,4 3.0 3.0 3.C 
C bu. 54 60 6o 69 74 74 
C bu. 48 53 53 68 73 73 
0 bu. 35 35, 35 45 45 45 
M tons 2,4 2,4 2,4 3.0 3.0 3.0 
C bu. 55 61 6l 69 74 74 
0 bu. 35, 35, 35 45 45 45 
M tons 2.4 2,4 2,4 3.0 3.0 3.0 
M tons 2,4 2,4 2,4 3.0 3.0 3.0 
C bu. 55 6l 6i 69 74 74 
0 bu. 35, 35, 35 45 45 45 
M tons 2.4 2,4 2,4 3.0 3.0 3.0 
M tons 2,4 2,4 2,4 3.0 3.0 3.0 
M tons 2,2 2,2 2,2 2.8 2.8 2,8 
M tons 1.9 1.9 1,9 2.5 2.5 2,5 
Marshall, 5-8.9^, slight to severe erosion 
C bu. 26 28 29 58 6l 64 
C bu. 42 45 47 6o 63 66 
C bu. 39 42 44 6o 63 66 
Os bu. 30 32 33 38 39 40 
C bu. 49 52 54 61 64 67 
5b bu. 22 23 24 24 25 26 
C bu. 43 46 48 60 63 66 
0 bu. 30 32 33 38 39 4o 
M tous 2,2 2,2 2,2 2,8 2,8 2,8 
l6l 
Table 29 (Continued) 
No fertilizer applied Fertilizer applied at 
recommended rate 
Rota­ Unit No Con­ Ter- No Con- Ter-
tion conser­ toured raced conser­- toured race< 
vation vation 
C bu. 49 52 54 61 64 67 
C bu. 43 46 48 . 6o 63 66 
0 bu. 30 32 33 38 39 4o 
M tons 2.2 2.2 2.2 2,8 2.8 2,8 
C bu. 49 52 55 6l 64 67 
0 bu. 30 32 33 38 39 40 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
C bu. 49 52 55 61 64 67 
0 bu. 30 32 33 38 39 40 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
M tons 2.2 2.2 2.2 2.8 2.8 2.8 
M tons 2.0 2.0 2.0 2.5 2.5 2,5 
M tons 1.7 1.7 1.7 2.2 2.2 2.2 
Marshall, 9-13.9#, slight to severe erosion 
C bu. 21 22 24 51 53 57 
C bu. 34 35 38 53 55 59 
C bu. 32 33 35 53 55 59 
Os bu. 25 26 27 33 34 36 
C bu. 40 4l 44 54 
53 
56 60 
c bu. 35 36 39 55 59 
0 bu. 27 28 29 34 35 36 
M tons 2,2 2.2 2,3 2.7 2.7 2.8 
C bu. 4o 42 45 54 56 6o 
0 bu. 29 30 31 34 35 36 
M tons 2.2 2.2 2,3 2,7 2.7 2.8 
M tons 2.2 2,2 2,3 2,7 2.7 2.8 
C bu. 40 42 45 54 56 60 
0 bu. 29 30 31 34 35 36 
M tons 2.2 2,2 2,3 2,7 2.7 2,8 
M tons 2.2 2.2 2,3 2,7 2,7 2.8 
M tons 2.0 2.0 2.1 2.4 2.4 2.5 
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Table 29 (Continued) 
NO fertilizer applied 
Unit No Con- Ter- No Con- Ter-
conser- toured raced oonser- toured raced 
vation vation 
M tons 1.7 1.7 1.8 2.1 2.1 2.2 
Glenwood, 5-8.9#, slight to severe erosion 
c bu. 23 25 26 49 53 56 
c bu. 37 40 42 51 55 58 
c bu. 35 37 39 51 55 58 
OS bu. 29 31 32 34 36 37 
c bu. 43 46 49 52 56 59 
Sb bu. 20 22 23 22 24 25 
c bu. 38 41 43 51 55 58 
0 bu. 29 31 32 34 36 37 
M tons 2.0 2.0 2.0 2.5 2.5 2.5 
C bu. 43 46 49 52 56 59 
C bu. 38 41 43 51 55 58 
0 bu. 29 31 32 34 36 37 
M tons 2.0 2.0 2.0 2.5 2.5 2.5 
C bu. 44 47 49 52 56 59 
0 bu. 29 31 32 34 36 37 
M tons 2.0 2.0 2.0 2.5 2.5 2.5 
M tons 2.0 2.0 2.0 2.5 2.5 2.5 
C bu. 44 47 49 52 56 59 
0 bu. 29 31 32 34 36 37 
M tons 2.0 2.0 2.0 2.5 2.5 2.5 
M tons 2.0 2,0 2.0 2.5 2.5 2.5 
M tons 1.8 1.8 1.8 2.3 2,3 2.3 
M tons X.5 1.5 1.5 2.1 2.1 2.1 
Glenwood; 9-•13.9#, slight to severe erosion 
C bu. 20 21 23 43 46 50 
C bu. 31 33 36 44 47 52 
C bu. 29 31 34 44 47 52 
Rota­
tion 
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Table 29 (Continued) 
No fertilizer applied 
Rota- Itolt No Con- Ter- No 
Fertilizer applied at 
r^nXmmenAed rate 
Con- Ter-
tlon conser­
vation 
toured raced conser­
vation 
toured raced 
OS bu. 26 28 30 31 33 35 
c bu. 36 38 42 45 48 53 
c bu. 32 34 37 44 47 52 
0 bu. 28 30 32 32 33 35 
M tons 1.7 1.7 1.7 2.2 2.2 2.2 
C bu. 37 40 43 45 48 53 
0 bu. 29 31 33 32 33 35 
M tons 1.7 1.7 1.7 2.2 2.2 2.2 
M tons 1.7 1.7 1.7 2.2 2,2 2.2 
C bu. 37 40 43 45 48 53 
0 bu. 29 31 33 32 33 35 
M tons 1.7 1.7 1.7 2.2 2,2 2.2 
M tons 1.7 1.7 1.7 2,2 2,2 2.2 
M tons 1.5 1.5 1.5 2.0 2.0 2.0 
M tons 1.2 1.2 1.2 1.8 1.8 1.8 
Glenwood; 14-17.9#, slight to severe erosion 
C bu. 15 18 22 38 42 48 
C bu. 28 30 34 40 44 49 
C bu. 26 30 40 44 49 
Os bu. 21 24 28 . 29 31 34 
C bu. 31 33 39 43 46 51 
C bu. 27 29 35 42 45 50 
0 bu. 23 25, 30 30 31 34 
H tons 1.5 1.6 1.7 2.0 2,1 2,2 
C bu. 34 36 41 44 47 52 
0 bu. 25 27» 32 31 32 34 
M tons 1.5 1,6 1.7 2,0 2.1 2.2 
W tons 1.5 1.6 1.7 2,0 2,1 2.2 
C bu. 37 39 43 45 48 52 
0 bu. 25 27, 32 31 32 34 
M tons 1.5 1.6 1.7 2,0 2,1 2.2 
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Table 29 (Continued) 
NO fertuizer applied 
Rota- Unit No Con- Ter- No Con- Ter-
tlon conser- toured raced conser- toured raced 
vatlon vatlon 
M tons 1.5 1.6 1.7 2.0 2.1 2.2 
M tons 1.3 1.4 1.5 1.8 1.9 2.0 
M , tons 1.0 1.1 1.2 1.6 1.7 1.8 
Shelby, 9-13 .9/(, moderate to severe erosion 
C bu. 15 15 16 40 41 43 
C bu. 24 25 26 41 42 44 
C bu. 23 24 25 41 42 44 
08 bu. 22 23 25 30 31 32 
C bu. 28 29 31 42 43 45 
C bu. 25 26 27 41 42 44 
0 bu. 24 25 27 31 31 32 
M tons 1.0 1.0 1.1 1.7 1.7 1.8 
C bu. 29 30 31 42 43 45 
0 bu. 26 27 29 31 31 32 
M tons 1.0 1.0 1,1 1.7 1.7 1.8 
M tons 1.0 1.0 1.1 1.7 1.7 1.8 
C bu. 29 30 31 42 43 45 
0 bu. 26 27 29 31 31 32^ 
M tons 1.0 1.0 1.1 1.7 1.7 1.8 
M tons 1,0 1.0 1.1 1.7 1.7 1.8 
M tons 0,8 0.8 0.9 1.6 1.6 1.7 
M tons 0,6 0.6 0.7 1.4 1.4 1.5 
Dow, 9-13.9#, slight to moderate erosion 
C bu. 12 13 14 43 46 50 
C bu. 18 19 22 44 47 52 
C bu. 17 18 20 44 47 52 
08 bu. 14 14 15 30 31 33 
C bu. 20 22 25 45 48 53 
C bu. 18 19 22 44 47 52 
0 bu. 16 16 17 30 31 33 
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Table 29 (Continued) 
No fertilizer applied Fertilizer applied at 
Rota­ Unit No Con­ Ter­ No Con­ Ter­
tion conser­ toured raced conser­ toured raced 
vation vation 
M tons 0.5 0.5 0.5 2,2 2.3 2.4 
C bu. 20 22 25 45 48 53 
0 bu. 16 16 17 30 31 33. 
M tons 0.5 0,5 0.5 2,2 2.3 2.4 
M tons 0,5 0,5 0.5 2,2 2.3 2.4 
c '  bu. 20 22 25 45 48 53 
0 bu. 16 l6 17 30 31 33. 
M tons 0.5 0,5 0.5 2,2 2.3 2.4 
M tons 0.5 0,5 0.5 2,2 2.3 2.4 
M tons 0,4 0,4 0,4 2,1 2.1 2,2 
M tons 0.3 0.3 0.3 1,8 1,8 1.9 
Ida and Dow, 9-13.92 slope. severe erosion 
C bu. 10 11 12 41 44 48 
C bu. 16 17 20 42 45 50 
C bu. 15 16 18 42 45 50 
Os bu. 13 13 14 29 30 32 
C bu. 18 20 23 43 46 51 
C bu. 16 17 20 42 45 50 
0 bu. 15 15 16 29 30 32 
M  tons 0.5 0.5 0.5 2,2 2.3 2,4 
C bu. 18 20 23 43 46 51 
0 bu. 15 15 16 29 30 32/ 
M tons 0,5 0.5 0.5 2.2 2.3 2.4 
M tons 0.5 0.5 0.5 2.2 2.3 2.4 
C  bu. 18 20 23 43 46 51 
0 bu. 15 15 16 29 30 32, 
M tons 0.5 , 0.5 0.5 2,2 2.3 2,4 
M tons 0.5 0.5 0.5 2.2 2.3 2,4 
W tons 0.4 oA 0,4 2.1 2.1 2.2 
M tons 0.3 0.3 0.3 1,8 1.8 1,9 
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Table 29 (Continued) 
Rota- Unit No Con- Ter- No Con- Ter-
tlon oonser- toured raced conser- toured raced 
Dow, 14^17.9#, slight to moderate erosion 
C bu. 10 11 12 40 43 48 
C bu. 16 17 20 41 44 50 
C bu. 15 16 18 41 44 50 
OS bu. 12 12 13 28 29 32 
C bu. 18 20 23 42 45 51 
C bu. 16 17 20 41 44 50 
0 bu. 14 14 15 29 30 33 
M tons 0.5 0.5 0.5 2.2 2.3 2.4 
C bu. 19 21 24 42 45 51 
0 bu. 14 14 15 29 30 33 
M tons 0.5 0.5 0.5 2.2 2.3 2.4 
M tons 0.5 0.5 0.5 2.2 2.3 2.4 
C bu. 19 21 24 42 45 51 
0 bu. 14 14 15 29 30 33 
M tons 0.5 0.5 0.5 2.2 2.3 2.4 
M tons 0.5 0.5 0.5 2.2 2.3 2.4 
M tons 0.4 0.4 0.4 2.1 2.1 2.2 
m tons 0.3 0.3 0.3 1.8 1.8 1.9 
• .J 
Colo, 0-0.9#, no apparent to moderate erosion 
C bu. 37 66 
C bu. 59 69 
C bu. 55 69 
Os bu. 42 52 
C bu, 68 70 
Sb bu. 26 29 
C bu. 6i 69 
0 bu. 42 52 
M tons 2.8 3.0 
c  bu. 68 70 
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Table 29 (Continued) 
No fertilizer applied 
Rota­ Unit No Con­ Ter­ No Con- Ter-
tion conser­ toured raced conser­ toured raced 
vation vation 
C bu. 6o 69 
0 bu. 42 52 
M tons 2.8 3.0 
C bu. 69 70 
0 bu. 42 52 
M tons 2.8 3.0 
M tons 2.8 3.0 
C bu. 69 70 
0 bu. 42 52 
M tons 2.8 3.0 
M tons 2.8 3.0 
M tons 2.6 2.8 
M tons 2.4 2.6 
Castana-Napier, 2-4.9#, no apparent to moderate erosion 
63 
i 
70 i 40
3.5 
i 
3.5 
% 
C bu. 35 
C bu. 54 
C bu. 52 
OS bu. 35 
C bu. 67 
Sb bu. 26 
C bu. 59 
0 bu. 35 
M tons 2,9 
C bu. 67 
C bu. 59 
0 bu. 35 
M tons 2.9 
C bu. 68 
0 bu. 35 
w tons 2,9 
M tons 2,9 
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Table 29 (Continued) 
No fertilizer applied Fertilizer applied at 
renmmmAnded rate 
Rota- Unit No Con- Ter- No Con- Ter-
tion conser- toured raced conser- toured raced 
vation vation 
c bu. 70 78 
0 bu. 35 40 
M tons 2.9 3.5 
M tons 2.9 3.5 
M tons 2.6 3.2 
M tons 2.3 2.9 
MoPaul-Dorchester, 0-1.9#, no apparent erosion 
C bu. 40 70 
C bu. 47 72 
C bu. 43 72 
Os bu. 35 40 
C bu. 64 70 
Sb bu. 26 28 
C bu. 57 69 
0 bu. 35 40 
M tons 2.8 2.9 
C bu. 64 70 
C bu. 57 69 
0 bu. 35 40 
M tons 2.8 2.9 
C bu. 65 75 
0 bu. 35 40 
M tons 2.8 ,2.9 
M tons 2.8 2.9 
C bu. 65 75 
0 bu. 35 40 
M tons 2.8 2.9 
M tons 2.8 2.9 
M tons 2.6 2.7 
M tons 2.3 2.5 
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Table 29 (Continued) 
NO fertilize, applied 
Bota- Unit No Con- Ter- No Con- Ter-
tlon oonser- toured raoed conser- toured raced 
vatlon vatIon 
Dark colored alluvial & Judson, 2-4.9^, no apparent ero­
sion (colluvlal complex) 
c bu. 37 66 
c bu. 59 69 
c bu. 55 69 
Os bu. 42 52 
c bu. 68 70 
Sb bu. 26 29 
C bu. 6l 69 
0 bu. 42 52 
M tons 2.8 3.0 
C bu. 68 70 
C bu. 60 69 
0 bu. 42 52 
M tons 2.8 3.0 
C bu. 69 70 
0 bu. 42 52 
M tons 2,8 3.0 
M tons 2.8 3.0 
C bu. 69 70 
0 bu. 42 52 
M tons 2.8 3.0 
M tons 2.8 3.0 
M tons 2,6 2.8 
M tons 2.4 2,6 
Table 30* Gross revenue, total variable cost and net revenue per acre for alter­
native crop rotations in combination with specific conservation prac­
tices on major soil classes, Hound Dog Creek Watershed 
Rotation 
Gross revenue 
per acre 
No 
conser­
vation 
Con­
toured 
Ter­
raced 
(G) 
Total variable 
cost per acre 
No Con-
cons er- toured 
vation 
Ter­
raced 
(I) 
Net revenue 
pgr acre 
No Con- Ter-
conser- toured raced 
vation 
(#) (#) 
Monona, 2-4.9# slope, slight to moderate erosion 
No fertilizer applied 
C 31.90 34,10 34.10 6.34 6.50 9.06 25.56 27.60 
CC08 40.07 42.64 42.64 7.73 7.92 10.32 32.34 34.72 
CSbCOM 43,27 46.32 46.32 8.31 8.49 10.89 34.96 37.83 
CCOM 42.43 44.90 44.90 8.71 8.89 11.29 33.72 36.01 
COMM 39.12 40.50 40.50 8.94 9.04 11.44 30.18 31.46 
COMMMM 36.73 37.65 37.65 8.29 8.35 10.75 28.44 29.30 
Fertilizer applied at recommended level 
C 67.10 72.60 72.60 18.95 19.35 21.91 48.15 53.25 
CCOs 55.29 58.96 58.96 14.87 15.14 17.54 40.42 43.82 
CSbCOM 53.34 56.39 56.39 12.61 12.79 15.19 40.73 43.60 
CCOM 53.43 56.18 56.18 13.56 13.76 16.16 39.87 42.42 
COMM 47.79 49.16 49.16 11.51 11.61 14.01 36.28 37.55 
COMMMM 45.62 46.54 46.54 11.33 11.40 13*80 34.29 35.14 
25.04 
32.32 
35.43 
33.61 
29.06 
26.90 
50.69 
41.42 
41.20 
40.02 
35.15 
32.74 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con­ Ter­ No Con­ Ter­ No Con­ Ter­
oonser- toured raced conser­ toured raced conser­ toured raced 
vatlon vation vation 
(#) (#) (*) ($) (1) (#) ($) (#) ($) 
Monona, 5-8.9# slope, slight to severe erosion 
No fertilizer applied 
C 26.40 28.60 29.70 5.94 6.10 9.96 20.46 22.50 19.74 
CCOs 34.11 36.73 38.40 7.29 7.49 11.24 26.82 29.24 27.16 
CSbCOM 38.00 40.42 42.07 7.90 8.04 11.67 30.10 32.38 30.40 
CCOM 36.90 38.86 40.40 8.22 8.37 12.08 28.68 30.49 28.32 
COMM 34.75 35.88 36.86 8.45 8.54 11.12 26.30 27.34 25.74 
COMMMM 32.78 33.53 34.18 7.78 7.84 11.19 25.00 25.69 22.99 
Fertilizer applied at recommended level 
c 56.10 60.50 64.90 20.16 20.48 24.58 35.94 40.02 40.32 
CCDs 46.72 49.86 53.00 16.03 16.26 20.12 30.69 33.60 32.88 
CSbCOM 46.30 49.04 51.34 13.03 13.19 16.87 33.27 35.85 34.47 
CCOM 46.22 48.58 50.93 14.06 14.23 18.00 32.16 34.35 32.93 
COMM 42.55 43.80 45.06 11.56 11.66 14.26 30.99 32.14 30.80 
COMMMM 40.57 41.41 42.24 11.27 11.33 14.69 29.30 30.08 27.55 
Table 30 (Continued) 
Gross revenue 
per acre 
Rotation No Con-
conser- toured 
vation 
(#) 
Ter­
raced 
(#) 
Total variable 
cost per acre 
No Con- Ter-
conser- toured raced 
vation 
($) ($) (I) 
Net revenue 
per acre 
No Con- Ter-
conser- toured raced 
vation 
(3) (8) (#) 
Monona, 9-13.9^ slope, moderate to severe erosion 
No fertilizer applied 
C 
CCOs 
CCOM 
com 
COMMMM 
22.00 
28.52 
31.69 
30.99 
29.23 
23.10 
30.19 
32.94 
31.70 
29.70 
25.30 
32.81 
35.18 
33.10 
30.64 
5.62 
6.88 
7.76 
8.02 
7.31 
5.70 
7.00 
7.85 
8.07 
7.34 
10.52 
11.62 
12.42 
12.54 
11.76 
16.38 
21.64 
23.93 
22.97 
21.92 
17.40 
23.19 
25.09 
23.63 
22.36 
14.78 
21.19 
22.76 
20.56 
18.88 
Fertilizer applied at recommended level 
C 
CCOs 
CCOM 
COMM 
COMMMM 
49.50 
40.97 
41.28 
38.76 
38.30 
52.80 
43.37 
42.93 
39.58 
38.85 
57.20 
47.25 
45.84 
41.12 
39.87 
22.02 
17.50 
15.10 
12.10 
11.61 
22.26 
17.67 
15.22 
12.07 
11.65 
27.24 
22.38 
19.83 
16.55 
16.07 
27.48 
23.47 
26.18 
26.66 
26.69 
30.54 
25.70 
27.71 
27.51 
27.20 
29.96 
24.87 
26.01 
24.57 
23.80 
I 
Table 30 (Continued) 
Gross revenue 
per acre 
Total variable 
cost per acre 
Net revenue 
per acre 
Rotation No Con- Ter- No Con- Ter- No Con-
vatlon 
($) m (#) 
vatIon 
($) (#) ($) 
vatIon 
($) ($) 
Ter-
conser- toured raced conser- toured raced conser- toured raced 
(#) 
Monona, 14-17.9^ slope, moderate to severe erosion 
No fertilizer applied 
C 
CCOs 
CCOM 
COMM 
COMMMM 
16.50 19.80 24.20 5.22 5.46 11 .71 11 .28 14.34 12.49 
24.55 26^43 30.19 6.58 6.72 12 .11 17 .97 19.71 18.08 
27.38 29.18 33.50 7.36 7.53 12 .79 20 .02 21.65 20.71 
27.83 29.47 32.24 7.62 7.82 12 .75 20 .21 21.65 19.49 
26.63 28.25 30.43 6.90 7.13 11 .82 19 .73 21.12 18.61 
M 
-O 
Fertilizer applied at recommended level 
C 
CCOs 
CCOM 
COMM 
COMMMM 
44.00 
37.62 
39.09 
36.77 
35.60 
48.40 
40.76 
41,29 
38.38 
37.19 
55.00 
44.84 
44.58 
40.68 
39.07 
23.51 
18.84 
15.68 
12.30 
11.40 
23.83 
19.07 
15.88 
12.50 
11.63 
30.24 
24.48 
21.06 
17.38 
16.29 
20.49 
18.78 
23.41 
24.47 
24.20 
24.57 
21.69 
25.41 
25.88 
25.56 
24.76 
20.36 
23.52 
23.30 
22.78 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vatlon vatlon vation (#)  (#)  (I )  ($)  (I )  ($)  (#)  (#)  (#)  
Marshall, 5-8.9# slope, slight to severe erosion 
No fertilizer applied 
C 28.60 30.80 31.90 6.10 6.26 10.01 22.50 24.54 21.89 
CCOs 35.90 38.51; 40.19 7.42 7.61 11.24 28.48 30.90 28.95 
CSbCOM 40.14 42.14 43.56 8.01 8.14 11.58 32.13 34.00 31.98 
CCOM 38.52 40.48 41.74 8.34 8.48 12.03 30.18 32.00 29.71 
COMM 35.26 36.40 37.38 8.49 8.57 11.97 26.77 27.83 25.41 
COMMMM 33.12 33.88 34.53 7.81 7.86 11.11 25.31 26.02 23.42 
Fertilizer applied at recommended level 
C 63.80 67.10 70.40 20.72 20.96 24.87 43.08 46.14 45.53 
CCOs 51.85 54.26 56.67 16.40 16.58 20.24 35.45 37.68 36.43 
CSbCOM 50.23 52.10 53.97 13.28 13.39 16.87 36.95 38.71 37.10 
CCOM 50.07 51.88 53.68 14.34 14.47 18.06 35.73 37.41 35.62 
COMM 44.48 45.46 46.44 11.70 11.78 15.17 32.78 33.68 31.27 
COMMMM 41.86 42.51 43.16 11.36 11.41 14.66 30.50 31.10 28.50 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vation vation vation 
($) (#) (#) ($) (#) ($) ($) (#) ($) 
Marshall; 9-13.9^ slope, slight to severe erosion 
No fertilizer applied 
C 23.10 24.20 26.40 5.70 5.78 10.31 17.40 18.42 16.09 
CCOs 29.37 30.31 32.35 6.94 7.01 11.44 22.43 23.30 20.91 
CCOM 33.38 34.08 36.28 7.96 8.01 12.47 25.42 26.07 23.81 
COMM 32.64 33.34 35.10 8.30 8.35 12.74 24.34 24.99 22.36 
COMMMM 31.36 31.84 33.52 7.68 7.71 11.97 23.68 24.13 21.55 
Fertilizer applied at recommended level 
C 56.10 58.30 62.70 22.50 22.66 27.35 33.60 35.64 35.35 
CCOs 45.69 47.36 50.71 17.84 17.96 22.49 27.85 29.40 28.22 
CCOM 45.21 46.4? 49.21 15.42 15.51 20.02 29.79 30.96 29.19 
COMM 41.16 41.86 43.89 12.27 12.32 16.73 28.89 29.54 27.16 
COMMMM 39.12 39.59 41.46 11.64 11.68 15.95 27.48 27.91 25.51 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre . 
Rotation No Con- Ter- No Con- Ter- No Con- Ter­
conser- toured raced conser- toured raced cons er- toured raced 
vatlon vation vation 
($) (#) (#) ($) ($) (#) (#) (#) ($) 
Glenwood; 5-8.9^ slope, slight to severe ero'ipion 
No fertilizer applied 
C 25.30 27.50 28.60 5.86 6.02 9.88 19.44 21.48 
CCOs 32.39 34.64 36.31 7.16 7.33 11.08 25.23 27.31 
CSbCOM 36.13 38.54 40.19 7.70 7.83 11.46 28.43 30.71 
CCOM 34.56 36.52 38.05 7.97 8.11 11.82 26.59 28.41 
COMM 32.18 33.31 34.02 8.10 8.19 11.75 24.08 25.12 
COMMMM 30.02 30.78 31.24 7.36 7.42 10.75 22.66 23.36 
Fertilizer applied at recommended level 
C 53.90 58.30 61.60 20.00 20.32 24.34 33.90 37.98 
CCOs 44.43 47.77 50.18 15.86 16.10 19.91 28.57 31.67 
CSbCOM 43.99 46.85 48.72 12.76 12.93 16.58 31.23 33.92 
CCOM 43.33 45.84 47.65 13.72 13.91 17.63 29.61 31.93 
COMM 39.04 40.46 41.44 11.06 11.17 14.75 27.98 29.29 
COMMMM 37.46 38.40 39.05 10.80 10.87 14.21 26.66 27.53 
18.72 
25.23 
28.73 
26.23 
22.27 
20.49 
37.26 
30.27 
32.14 
30.02 
26.69 
24.84 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter­ No Con- Ter- No Con- Ter­
conser- toured raced conser- toured raced cons er- toured raced 
vatIon vatlon vatlon 
(#) (#) (#) (#) (#) (#) (#) (#) ($) 
Glenwood, 9-13.9# slope, slight to severe erosion 
No fertilizer applied 
C 22.00 23.10 25.30 . 5.62 5.70 10.29 16.38 17.40 15.01 
CCOs 27.37 29.25 31.87 6.79 6.93 11.48 20.58 22.32 20.39 
CCOM 29.66 31.07 33.31 7.49 7.59 12.09 22.17 23.48 21.22 
COMM 27.92 29.05 30.18 7.55 7.64 12.00 20.37 21.41 18.18 
COMMMM 25.62 26.38 27.14 6.72 6.78 11.11 18.90 19.60 16.03 
Fertilizer applied at recommended level 
C 47.30 50.60 55.00 21.86 22.10 26.85 25.44 28.50 28.15 
CCOs 38.67 41.29 45.37 17.32 17.52 22.17 21.35 23.77 23.20 
CCOM 38.00 39.81 42.87 14.69 14.82 19.38 23.31 24.99 23.49 
COMM 34.48 35.46 37.14 11.37 11.45 15.85 23.11 24.01 21.29 
COMMMM . 32.85 33.50 34.63 10.72 10.77 15.13 22.13 22.73 19.50 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vatlon vation vation (# )  ( ^ )  (# )  ($ )  (# )  (# )  ($) ($) ($) 
Glenwood, 14-17.9# slope, slight to severe erosion 
No fertilizer applied 
C 16.50 19.80 24.20 5.22 5.46 11.01 11.28 l4.34 13.19 
CCOs 23.41 25.49 29.25 6.50 6.65 11.51 16.91 18.84 17.74 
CCOM 25.36 27.16 31.62 7.09 7.26 12.09 18.27 19.90 19.53 
COMM 24.91 26.55 . 29.48 7.16 7.37 12.22 17.75 19.18 17.26 
COMMMM 23.13 24.74 27.03 6.32 6.55 11.18 I6.8I 18.19 15.85 
Fertilizer applied at recommended level 
C 41.80 46.20 52.80 23.35 23.67 29.38 13.45 22.53 23.42 
CCOs 35.33 38.67 42.96 18.67 18.91 23.81 16.66 19.76 19.15 
CCOM 35.82 38,01 41.62 15.27 15.4? 20.24 20.55 22.54 21.38 
com 32.48 34.24 36.71 11.66 11.87 16.68 20.82 22.37 20.03 
COMMMM 30.67 32.36 34.34 10.61 10.84 15.45 20.06 21.52 18.89 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vation vation vation 
($) ($) ($) ($) (#) ($) {$) (!)  (#) 
Shelby-Adalr-Clarlnda, 9-13.9# slope, moderate to severe erosion 
No fertilizer applied 
C 16.50 16.50 17.60 5.22 5.22 9.76 11.28 11.28 7.84 
CCOs 21.78 22.72 23.78 6.38 6.45 10.93 15.40 16.27 12.85 
CCOM 22.19 22.90 24.42 6.66 6.71 11.23 15.53 16.19 13.19 
com 19.80 20.22 21.59 6.39 6.42 10.51 13.41 13.80 11.08 
COMMMM 16.83 17.12 18.55 5.35 5.37 9.80 11.48 11.75 8.75 
Fertilizer applied at recommended level 
C 44.00 45.10 47.30 24.65 24.73 29.35 19.35 20.37 17.95 
CCOs 36.27 37.21 38.88 19.45 19.52 24.03 16.82 17.69 14.85 
CCOM 34.25 34.80 36.44 16.20 16.24 20.77 18.05 18.56 15.67 
com 29.60 29.88 31.36 12.19 12.21 16.72 17.41 17.67 14.64 
COMMMM 27.52 27.71 29.21 11.36 11.38 15.80 16.16 16.33 13.41 
Table 30 (Continued) 
Gross revenue Total . variable Net revenue 
per acre cost per acre per acre 
Rotation No Con­ Ter­ No Con­ Ter­ No Con­ Ter­
conser­ toured raced conser­ toured raced conser­ toured raced 
vation vation vation 
i$) ($) ($) (S) ($) (#) ( & )  ($) ($) 
Dow, 9-13.9^ slope, slight to moderate erosion 
No fertilizer applied 
C 13.20 14.30 15.40 4.98 5.06 9.59 8.22 9.24 5.81 
CCOs 15.73 16.46 18.50 5.93 5.98 10.51 9.80 10.48 7.99 
CCOM 14.88 15.70 17.51 5.91 5.97 10.47 8.97 9.73 7.04 
COMM 11.83 12.42 13.41 5.40 5.44 9.81 6.48 6.98 3.59 
COMMMM 9.73 10.10 10.75 4.37 4.40 8.63 5.36 5.70 2.12 
Fertilizer applied at recommended level 
c 47.30 50.60 55.00 26.57 26.81 31.58 20.73 23.79 23.42 . 
CCOs 33.47 40.87 44.95 20.69 20.86 25.54 17.78 20.01 19.41 ' 
CCOM 37.70 39.89 43.34 17.87 13.07 22.72 17.43 21.82 20.62 
COMM 34.16 35.92 38.38 14.12 14.33 18.89 20.04 21.59 19.49 
COMMMM 32.90 34.07 36.24 13.61 13.74 18.19 19.29 20.33 18.05 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vation vation vation 
(#) (#) ($) ($) (I) (I) ($) ($) ($) 
Ida and Dow, 9-13.9^ slope, severe erosion 
No fertilizer applied 
c 11.00 12 .10 13 .20 4 .82 4 .90 10 .42 6. .18 7 .20 2 .78 
CCDs 14.05 14 .79 16 .83 5 .80 5 .86 10 .50 8, .25 8 .93 6 .33 
CCOM 13.62 14 .42 16 .25 5 .82 5 .88 10 .48 7. .80 8 .54 5 .77 
COMM 11.17 11 .72 12 .70 5 .35 5 .39 9 .90 5. .82 6 .33 2 .80 
COMMMM 9.26 9 .63 10 .28 4 .33 4 .36 8 .78 4. .93 5 .27 1 .50 
Fertilizer applied at : recommended level 
C 45.10 48 .40 52 .80 26 .41 26 .65 32 .41 18, .69 21 .75 20 .39 
CCOs 36.79 39 .20 43 .28 20 .56 20 .74 25 .53 16. .23 18 .46 17 .75 
CCOM 36.44 38 .63 42 .08 17 .78 17 .98 22 .74 18, ,66 20 .65 19 .34 
COMM 33.46 35 .22 37 .68 14 .07 14 .28 18 .98 19. .39 20 ,94 18 .70 
COMMMM 32.43 33 .60 35 .77 13 .57 13 .71 18 .34 18, .86 19 .89 17 .43 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter­
conser- toured raced conser- toured raced cons er- toured raced 
vation vation vation 
(#) ($) (1) ($) ($) (8) (#) ($) ($) 
Dow, 14-17.9# slope, slight to moderate erosion 
No fertilizer applied 
C 11.00 12.10 13.20 4.82 4.90 10.46 6.18 7.20 2.74 
CCOs 13.85 14.58 16.62 5.79 5.84 10.48 8.06 8.74 6.14 
CCOM 13.47 14.29 16.10 5.81 5.87 10.48 7.66 8.42 5.62 
COMM 11.29 11.84 12.82 5.35 6.63 9.92 5.94 5.21 2.90 
COMMMK 9.34 9.71 10.36 4.34 4.37 8.79 5.00 5.34 1.57 
Fertilizer applied at recommended level 
C 44.00 47.30 52.80 26.33 26.57 32.45 17.67 20.73 20.35 
CCOs 35.85 38.26 43.28 20.49 20.67 25.53 15.36 17.59 17.75 
CCOM 35.89 38.08 42.24 17.74 17.94 22.76 18.15 20.14 19.48 
COMM 33.18 34.94 37.84 14.05 14.26 19.00 19.13 20.68 18.84 
COMMMM 32.25 33.42 35.87 13.56 13.69 18.36 18.69 19.73 17.51 
Table 30 (Continued) 
Gross revenue 
per acre 
Rotation No Con- Ter-
conser- toured raced 
vation 
(#) ($) ($) 
Total variable 
cost per acre 
No Con- Ter-
conser- toured raced 
vation (G) ($)  (S) 
Net revenue 
per acre 
No Con- Ter-
conser- toured raced 
vatlon 
(#) (#) ($) 
Colo, 0-0,9# slope, no apparent to moderate erosion 
No fertilizer applied 
C 
CCDs 
CSbCOM 
CCOM 
COMM 
COMMMM 
40.70 
50.48 
53.34 
52.62 
47.30 
44.51 
5.28 
4.55 
4.68 
5.49 
6.18 
6.59 
35.42 
45.93 
48.66 
47.13 
41.12 
37.92 
Fertilizer applied at recommended level 
C 
CCOs 
CSbCOM 
CCOM 
COMM 
COMMMM 
72.60 
61.35 
58.67 
57.97 
50.68 
47.81 
17.10 
13.66 
12.37 
11.06 
55.50 
47.69 
46.30 
44.72 
39.04 
36.75 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vation vation vation 
(#) ($) ($) ($) ($) (&) ($) ($) (G) 
Castina-Napier, 0-1.9# slope, no apparent to moderate erosion 
No fertilizer applied 
C 
CCOs 
CSbCOM 
CCOM 
COMM 
COMMMM 
Fertilizer applied at recommended level 
45.24 
37.24 
43.16 
41.40 
40.02 
38.28 
38.50 
46.10 
52.12 
51.37 
46.72 
44.23 
6.82 
8.87 
9.87 
10.09 
10.42 
9.67 
31.68 
37.23 
42.25 
41.28 
36.30 
34.56 
C 
CCOs 
CSbCOM 
CCOM 
COMM 
COMMMM 
69.30 
55.93 
58.32 
58.06 
54.09 
52.45 
24.06 
18.69 
15.16 
16.66 
14.07 
14.17 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per acre 
Rotation No Con- Ter- No Con- Ter- No Con- Ter-
conser- toured raced conser- toured raced conser- toured raced 
vation vation vation 
(I) ($) ($) (#) (!) m (I) ($) ($) 
McPaul-Dorchester, 0-1.9# slope, no apparent erosion 
No fertilizer applied 
C 44.00 7.22 36.78 
CCOs 40.23 7.74 32.49 
CSbCOM 50.71 8.90 4l.81 
CCOM 49.60 9.39 40.21 
com 45.11 9.70 35.41 
COMMMM 42.80 9.16 33.64 
Fertilizer applied at recommended level 
C 77.00 23.87 53.13 
CCOs 61.07 19.57 41.50 
CSbCOM 56.44 13.69 42.75 
CCOM 55.72 15.37 40.35 
COMM 49.42 12.57 36.85 
COMMMM 46.45 12.22 34.23 
Table 30 (Continued) 
Gross revenue Total variable Net revenue 
per acre cost per acre per ' acre 
Rotation No Con- Ter­ No Con- Ter- No Con­ Ter­
conser- toured raced conser- toured raced conser­ toured raced 
vation vation vation 
($) (#) (1) ($) (#) ($) . (# )  (#) ($) 
Dark colored alluvial & Judson, 2-4.9^ slope, no apparent erosion 
No fertilizer applied 
C 40.70 6.98 33.72 
CCOs 50.48 8.50 41.98 
CSbCOM 53.34 9.09 44.25 
CCOM 52.62 9.62 43.00 
COMM 47.30 9.87 37.43 
COMMMM 44.51 9.32 35.19 
Fertilizer applied at recommended level 
C 72.60 23.70 48.90 
CCOs 61.35 16.46 44.89 
CSbCOM 58.67 13.72 44.95 
CCOM 57.97 14.26 43.71 
COMM 50.68 12.28 38.40 
COMMMM 47.81 11.86 35.95 
Table 31. Labor requirements In hours per acre by month for alternative crop 
rotations used In farm planning. Hound Dog Creek Watershed® 
March April May June July Aug Sept Oct Nov Dec Total 
Com. 
Com® 
.60 
.60 
1.10 
1.20 •Jt 
.10 
.10 
.74 
.74 
1.00 
1.00 
.26 
.26 
5.00 
5.20 
CCOs^ 
CCOs® 
.06 
.06 *.65 
.73 
.80 
.44 
.48 :n 
.31 
.31 
.07 
.07 
.49 
.49 
.17 
.17 
4.16 
4.37 
CSbCOM^ 
CSbCOM® 
.04 
.04 
.42 
.48 
.66 
.74 
1.02 
1.06 
1.03 
1.03 
.19 
.19 
.51 
.51 
.58 
.58 •XÎ 
.10 
.10 
5.00 
5.18 
0
0
 
0
0
 
.04 
.04 
.41 
.49 
.55 
.60 
1.10 
1.15 
1.17 
1,17 
.24 
.24 
.61 
.61 
.37 
.37 
.50 
.50 
.13 
.13 
5.12 
5.30 
COMM. 
COMM* 
.04 
.04 
.26 
.34 
.28 
.30 
1.72 
1.74 
1.70 
1.70 
.24 
.24 
1.14 
1.14 
.18 
.18 
.25 
.25 
.06 
.06 
5.87 
5.99 
COMMMM. 
COMMMM® 
.03 
.03 
.17 
.22 
.18 
.20 
2.18 
2.20 
2.02 
2.02 
.16 
.16 
1.51 
1.51 
.12 
.12 
.17 
.17 
.04 
.04 
6.58 
6.67 
®Crop labor requirements are based on information contained In; University 
of Illinois College of Agriculture. Department of Agricultural Economics. Farm 
Management Manual. Author. Urbana, Illinois. 1962. 
^Indicates fertilizer applied. 
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A Description of Livestock Enterprises 
Used in Farm Planning 
Beef 
1. Good-choice steer calves, purchased at 4^0 pounds in 
October, wintered, grazed on pasture, then full fed in 
drylot until sale at 1000 pounds in December, 
2, Good-choice yearling steers, purchased at 650 pounds in 
November, wintered, grazed on pasture, then full fed in 
drylot until sale at 1120 pounds in November. 
3, Good-choice yearling steers, purchased at 650 pounds in 
November, wintered, then full fed in drylot until sale 
at 1070 pounds in September. 
4. Good-choice yearling steers, purchased at 650 pounds in 
November, full fed in drylot, then sold at 950 pounds 
in April, 
5. Beef breeding herd with a 90 percent calf crop sold as 
good-choice feeder calves weighing 450 pounds in Octo­
ber, 
6, Beef breeding herd with 90 percent calf crop pastured, 
put in drylot in November and sold at 950 pounds in 
April, 
191 
Hogs 
7. One Utter: pigs farrowed in March and sold in Septem­
ber weighing 220 pounds. Litters average seven pigs 
weaned. 
8. . Two litters: pigs farrowed in March and September and 
sold at 220 pounds. Litters average seven pigs weaned. 
9. Feeder hogs purchased in June and sold as market hogs 
in September at 220 pounds. 
10. Weanling hogs sold: pigs farrowed in March and sold as 
weanlings in April. Litters average seven pigs weaned. 
Dairy 
11. Grade A dairy herd. Cows produce an average of 8000 
pounds of fluid milk. 
12. Butterfat producing dairy herd. Cows produce an aver­
age of 225 pounds of butterfat and 4600 pounds of skim 
milk. 
Sheep 
13. 110 percent lamb crop born in February and sold at 8? 
pounds in June, 
Poultry 
14. The laying flock is replaced with new stock each year, 
Sexed chicks are purchased and kept for laying. Annu­
al egg production is 15 dozen. 
Table 32« Input-output coefficients 
nlng 
Unit 
Purchase weight 
Selling weight 
Com equivalents 
Commercial feed 
Hay equivalents 
Labor requirements 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
lbs. 
lbs, 
bus, 
lbs. 
tons 
hours 
Building requirements sq. ft. 
Annual cash expenses dollars 
Capital Investment dollars 
Capital coefficient dollars 
Net revenue dollars 
for livestock enterprises used in farm plan-
One lit- Two lit- Feeder Wean-
ter hogs ter hogs hog ling 
pur- hogs 
chase sold 
1595 3260 2250 400 
100 208 112 17.4 
950 1800 800 190 
.5 .7 .3 — 
1.88 4.48 1,88 
1.88 4.48 — 1,88 
7.59 11.62 — 7.59 
1.91 5.60 1.95 2,00 
1.91 3.60 1.95 .50 
2,74 3.30 2,80 .50 
2,74 3.30 2,80 .50 
2,15 3.30 2,30 .50 
4,03 6,08 4,10 ,60 
2.15 4,78 — .75 
2.15 3.95 — .90 
1,88 4,48 - 1.60 
42 71 50 10 
70.10 137.20 192,28 22.50 
93.64 95.85 10,00 93.64 
163.74 233.05 202,28 116.14 
75.20 170,55 55.57 59.97 
Table 32 (Continued) 
Unit Beef 
feeder 
calves 
deferred 
Purchase weight lbs. 450 
Selling weight lbs. 1000 
Corn equivalents bus. 52 
Commercial feed lbs. 116 
Hay equivalents tons 1.4 
Labor requirements hours 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
1.01 
.99 
.99 
.99 
1.39 
4.58 
4.27 
2.51 
4.00 
3.50 
3.50 
1.01 
Building requirements 
Annual cash expenses 
Capital Investment 
Capital coefficient 
Net revenue 
sq. ft. 
dollars 107.62 
dollars 13.50 
dollars 121.12 
dollars 33.02 
Beef 
year­
lings 
deferred 
Beef 
year­
lings 
drylpt 
Beef 
year­
lings 
drylot 
shortfed 
Beef 
cow 
calf 
sold 
Beef 
cow 
calf 
fed 
650 650 650 
1120 1070 950 — — 
50 55 32 4 40 
50 200 150 105 250 
2.3 1.7 .75 3.5 4.5 
.61 .51 .51 2.04 3.05 
.59 .51 .51 2.04 3.03 
.59 .51 .51 2.26 3.26 
.59 .51 .51 1.53 2.52 
.30 2.49 2.49 .76 2.16 
6.99 6.90 6.39 3.75 8.33 
6.41 6.25 5.74 3.30 7.58 
3.10 2.48 1.97 .76 3.27 
5.87 4.42 — 2.91 6.91 
3.10 — .76 4.26 
.42 .31 .31 1.00 4.50 
.42 .31 .31 1.53 2.54 
VO 
w 
135.10 
13.50 
148.60 
26.44 
142.22 
13.50 
155.72 
3.80 
138.34 
13.50 
151.84 
12.40 
24.00 36.91 
190.00 203.50 
214.00 240.41 
9.13 26.08 
Table 32 (Continued) 
Unit Grade A Grade B Sheep Poultry 
dairy dairy 
Purchase weight lbs. 
Selling weight lbs. 
40.8 2.5 80.0 Com equivalents bus. 50 
Commercial feed lbs. 440 440 20 6196 
Hay equivalents tons 7.2 4.4 .9 -
Labor requirements 
January 11.59 13.64 .1.50 15.96 
February 11.07 13.02 .75 15.96 
March 11.59 13.64 .75 17.22 
April 10.01 11.78 .80 20.58 
May 7.90 9.30 .80 31.71 
June 6.32 7.44 1.00 22.05 
July 6.32 7.44 .20 17.22 
August 6.85 8.06 .20 15.96 
September 6.32 7.44 .50 15.33 
October 7.90 9.30 .30 12.18 
November 8.96 10.54 .30 13.65 
December 10.54 12.40 .40 12.18 
Building requirements sq. ft. 84 84 412 
Annual cash expenses dollars 70.22 62.22 4.69 396.92 
Capital investment dollars 300.00 200.00 28.38 — 
Capital coefficient dollars 370.22 262.22 33.07 396.92 
Net revenue dollars 95.14 115.18 4.99 93.95 
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Table 33- Price data used in individual farm planning and in estimating predevelop 
ment net revenue, Hound Dog Creek Watershed 
Item Unit Purchase 
price 
Selling 
price 
(#) 
Seed and fertilizer 
Com bu. 
Soybeans bu. 
Oats bu, 
Bromegrass lb. 
Alfalfa lb. 
Red clover lb. 
Nitrogen lb. 
Phosphorus lb. 
Potassium lb. 
Peed and grain 
Corn bu. 
Soybeans bu. 
Oats bu. 
Hay ton 
Cattle supplement cwt. 
Hog supplement cwt. 
Livestock and livestock products 
Steer feeder calves (4^0 ibs.) - October cwt. 
Yearling feeder steers (650 lbs.) - November cwt. 
Pat cattle (1120 lbs.) - November cwt. 
12.00 
3.25 
1.60 
I 
.15 
.12 
.06 
17.60 
4.75 
5.00 
20.89 
19.01 
1.10 
2.12 
.62 
15.58 
21.50 
Table 33 (Continued) 
Item Unit Purchase 
price 
(#) 
Selling 
price 
(#) 
Fat cattle (1070 lbs.) - September cwt. 21.40 
Fat cattle (1000 lbs,) - December cwt. 21.50 
Fat cattle (950 lbs.) - April cwt. 20.34 
Utility cows (1000 lbs,) - May cwt. 11.84 
Market hogs (220 lbs.) - September cwt. 16.83 
Market hogs ( 220 lbs.) - March cwt. 17.41 
Weanling pigs (4o lbs.) head 12.00 
Sows (400 lbs.) - December cwt. 13.18 
Lambs (87 lbs.) - June cwt. 21.71 
Ewes (140 lbs.) - March cwt. 9.14 
Eggs doz. .30 
Butterfat lb. .64 
Fluid milk cwt. 3.40 
Skim milk cwt. .55 
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AND COSTS 
199 
Procedure Used for Estimating 
Terrace Maintenance Costs. 
The rate of terrace channel siltation and the amount 
of silt removed by normal plowing operations, vary with the 
type of cropping system being followed. The following pro­
cedure of estimating terrace maintenance costs is primarily 
based on the relationship between the rate of siltation and 
the removal of silt by normal plowing operations, 
For any cropping system on terraced land, define 
(1) R = where 
Sp = annual silt in tons per acre removed by 
normal plowing operations 
S = terrace channel siltation rate in annual 
r 
tons per acre as given in Appendix E 
Estimates of terrace maintenance costs were based on the 
following assumptions: 
a) If R = 1, one maintenance operation is re­
quired every 5 years 
b) If E < 1, one maintenance operation Is re­
quired every R x 5 years 
c) If R > 1; one maintenance operation is. re­
quired every 5 + •75R years 
d) The minimum frequency of one maintenance 
operation Is every 10 years 
200 
One maintenance operation with a motor land 
grader costs $.02 per linear foot of terrace 
Table 34. Specifications and construction costs of level cut and fill terraces for 
Hound Dog Creek Watershed 
Construction costs Annual construction 
Slope range Mean Hori­ Linear per acre® costs per acre 
c 
of land slope zontal feet Pri­ Feder­ Total Pri­ Feder­ Total 
(percent) (per­ spacing® per vate al vate al 
cent) (feet) acre 
(feet) (#) ($) ($) (#) ($) (#) 
2-4.9# 3.45 118 369 13.28 31.00 44.28 .73 1,09 1.82 
5-8.9* 6.95 89 489 17.60 41.08 58.68 .96 1.45 2.41 
9-13.9* 11.45 80 545 19.62 45.78 65,40 1.07 1.61 2.68 
14-17.9* 15.95 80 545 19.62 45.78 65.40 1.07 1.61 2.68 
^Specifications as given by: U. S. Department of Agriculture. Agricultural 
Stabilization and Conservation Service. Agricultural Conservation Program. Iowa 
Handbook for 1963. Author. Des Moines, Iowa, 1963. 
^Based on construction costs of #.12 per linear foot. The cost sharing be­
tween the Federal Government and private land owners for terrace construction is 
outlined in; Iowa Handbook for 1963, op. cit. 
^Private costs are amortized at and Federal costs at 2^, over 50 years. 
Table 35. Per acre terrace maintenance and construction costs by land class and 
crop rotation 
Rotation Sllt- Silt re­ Silt re­ R Frequen­ Annual Annual Total 
atlon moved by maining® cy of mainte­ con­ annual 
rate® normal mainte­ nance struc­ terrace 
plowing® nance costs tion costs 
required costs 
(years) ($) (#) ($) 
Monona, 2-4.9# slope, slight to moderate erosion 
C 5.5 29.1 5.29 8.97 .74 1.82 2.56 
CCOs 2.8 19.4 " - " 6.93 10.00 .58 1.82 2.40 
CSbCOM 2.1 17.5 8.33 10.00 .58 1.82 2.40 
CCOM 1.9 14.5 — 7.63 10.00 .58 1.82 2.40 
COMM 0.8 7.3 — 9.12 10.00 .58 1.82 2.40 
COMMMM 0.4 4.8 - 12.00 10.00 .58 1.82 2.40 
Monona, 5-8.9# slope, slight to severe erosion 
C 14.0 ' 34.6 2.47 6.85 1.41 2.41 3.82 
CCOs 7.0 23.1 — 3.30 7.47 1.29 2.41 3.70 
CSbCOM 5.2 20.7 — 3.98 7.98 1.19 2.41 3.60 
CCOM 4.9 17.3 . — 3.53 7.65 1.25 2.41 3.66 
COMM 2.1 8.6 — 4.09 8.07 1.17 2.41 3.58 
COMMMM 1.1 5.9 5.36 9.02 .98 2.41 3.39 
^Annual tons per acre. 
Table 35 (Continued) 
Prequen- Annual 
cy of mainte-
mainte- nance 
nance costs 
required 
(years) ($) 
Annual Total 
con- annual 
strue- terrace 
tlon costs 
costs 
(#) (#) 
Rotation Silt Silt re- Silt re-
atlon moved by malnlng® 
rate® normal 
plowing® 
Monona, 9-13.92 Slope, moderate to severe erosion 
c 25.5 31.5 1.23 5.92 1.78 2.68 4.46 
CCOs 12.7 21.0 1.65 6.24 1.71 2.68 4.39 
CCOM 8.9 15.7 — 1.76 6.32 1.69 2.68 4.37 
COMM 3.8 7.9 — 2.08 6.56 1.64 2.68 4.32 
COMMMM 1.9 5.2 - 2.74 7.05 1.53 2.68 4.21 
Monona, 14-17.9# slope moderate to severe erosion 
C 40.2 30.2 10.0 .75 3.75 2.92 2.68 5.60 
CCOs 20.2 20.1 0.1 .99 4.95 2.02 2.68 4.70 
CCOM 14.1 15.1 — 1.07 5.80 1.80 2.68 4.48 
COMM 6.1 7.5 • 1.23 5.92 1.78 2.68 4.46 
COMMMM 3.0 5.0 - 1.67 6.25 1.71 2.68 4.39 
Marshall, 2-4.9# slope, slight to i severe erosion 
C 5.5 29.1 — 5.29 8.97 .73 1.82 2.55 
CCOs 2.8 19.4 — 6.93 10.00 .58 1.82 2.40 
CSbCOM 2.1 17.5 — 8.33 10.00 .58 1.82 2.4o 
CCOM 1.9 14.5 — 7.63 10.00 .58 1.82 2.40 
COMM 0.8 7.3 — 9.12 10.00 .58 1.82 2.40 
COMMMM 0.4 4.8 - 12.00 10.00 .58 1.82 2.40 
Table 35 (Continued) 
Rotation Sllt- Silt re­ Silt re­ R Frequen­ Annual Annual Total 
atlon moved by maining® cy of mainte­ con­ annual 
rate& normal mainte­ nance struc­ terrace 
plowing® nance costs tion costs 
required costs 
(years) (#) (#) (#) 
5-8.9^ slope, slight to severe erosion 
3.09 7.31 1.32 2.41 
- 4.12 8.09 1.17 2.41 
- 4^93 8.70 1.05 2.41 
- 4.44 8.33 1.12 2.41 
- 5.06 8.79 1.03 2.41 
— 7.37 10.00 .79 2.41 
9-13.9# slope, slight tc f severe erosion 
— 1.54 6.15 1.73 2.68 
- 2.06 6.54 1.64 2.68 
- 2.21 6.66 1.62 2.68 
- 2.55 6.91 1.56 2.68 
— 3.25 7.44 1.43 2.68 
•
 
00 1 slope, slight to severe erosion 
— 2.48 6.86 1.41 2.41 
- 3.30 7.47 1.29 2.41 
- 3.98 7.98 1.19 2.41 
- 3.53 7.65 1.25 2.4l 
- 4.09 8.07 1.17 2.41 
- 5.36 9.02 .98 2.41 
Marshall 
C 11.2 34.6 
CCOs 5.6 23.1 
CSbCOM 4.2 20.7 
CCOM 3.9 17.3 
com 1.7 8.6 
COMMMM 0.8 5.9 
Marshall 
C 20.4 31.5 
CCOs 10.2 21.0 
CCOM 7.1 15.7 
COMM 3.1 7.9 
COMMMM 1.6 5,2 
Glenwood 
c 14.0 34.6 
CCDs 7.0 23.1 
CSbCOM 5.2 20.7 
CCOM 4.9 17.3 
COMM 2.1 8.6 
COMMMM 1.1 5.9 
3.73 
3.58 
3.46 
3.53 
3.44 
3.20 
4.41 
4.32 
4.30 
4.24 
4.11 
3.82 
3.70 
3.60 
3.66 
3.58 
3.39 
Table 35 (Continued) 
Rotation Silt- Silt re­ Silt re­ R Frequen­ Annual Annual Total 
ation moved by maining® cy of mainte­ con­ annual 
rate® normal mainte­ nance struc­ terrace 
plowing® nance costs tion costs 
required 
(#) 
costs 
(years) ($) ($) 
Glenwood, 9-13.9# slope, slight to severe erosion 
C 25.5 31.5 M 1.23 5.92 1.78 2.68 4.46 
CCOs 12.7 21.0 — 1.65 6.24 1.71 2.68 4.39 
CCOM 8.9 15.7 — 1.76 6.32 1.69 2.68 4.37 
COMM 3.8 7.9 — 2.08 6.56 1.64 2.68 4.32 
COMMMM 1.9 5.2 - 2.74 7.05 1.53 2.68 4.43 
Glenwood, 14-17.92 slope, slight to severe erosion 
C 40.2 30.2 10.0 .75 3.75 2.91 2.68 5.59 
CCOs 20.2 20.1 0.1 .99 4.95 2.02 2.68 4.70 
CCOM 14.1 15.1 — 1.07 5.80 1.80 2.68 4.48 
COMM 6.1 7.5 — 1.23 5.92 2.01 2.68 4.69 
COMMMM 3.0 5.0 - 1.67 6.25 1.71 2.68 4.39 
Shelby-Adair-Clarinda, 9-13.9^ slope, moderate to severe erosion 
C 25.5 31.5 — 1.23 5.92 1.78 2.68 4.46 
CCOs 12.7 21.0 1.65 6.24 1.71 2.68 4.39 
CCOM 8.9 15.7 — 1.76 6.32 1.69 2.68 4.37 
COMM 3.8 7.9 - 2.08 6.56 1.64 2.68 4.32 
COMMMM 1.9 5.2 - 2.74 7.05 1.53 2.68 4.21 
Table 35 (Continued) 
Rotation sut- Silt re­ Silt re- R Frequen­ Annual Annual Total 
at ion moved by malnlng® cy of mainte con­ annual 
rate» normal mainte­ nance struc­ terrace 
plowing® nance costs tion costs 
required costs 
(years) (#) ($) ($) 
Dow, 9 -13.9# slope, slight to moderate erosion 
c 24.5 31.5 1.29 5.97 1.77 2.68 4.45 
CCOs 12.2 21.0 1.72 6.29 1.70 2.68 4.38 
CCOM 8.6 15.7 1.82 6.36 1.68 2.68 4.36 
COMM 3.6 7.9 2.19 6.64 1.62 2.68 4.30 
COMMMM 1.8 5.2 2.89 7.17 1.50 2.68 4.18 
Ida and Dow, 9-13.9^ slope, severe erosion 
C 39.8 . 31.5 8.3 .79 3.95 2.76 2.68 5.44 
CCOs 19.9 21.0 1.05 5.79 1.81 2.68 4.49 
CCOM 13.9 15.7 1.13 5.85 1.79 2.68 4.47 
COMM 6.0 7.9 1.32 5.99 1.76 2.68 4.44 
COMMMM 3.0 5.2 1.73 6.30 1.69 2.68 4.37 
Dow, 14-17.9^ slope, slight to moderate erosion 
C 38.6 30.2 8.4 .78 3.90 2.80 2.68 5.48 
CCOs 19.3 20.1 1.04 5.78 1.81 2.68 4.49 
CCOM 13.5 15.1 1.12 5.84 1.80 2.68 4.48 
COMM 5.8 7.5 1.29 5.97 1.77 2.68 4.45 
COMMMM 2.9 5.0 1.72 6.29 1.70 2.68 4.38 
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APPENDIX E: SHEET EROSION ESTIMATES 
Table 36, Annual soil loss in tons per acre for alternative crop rotations in com­
bination with specific conservation practices on major soil classes, 
Hound Dog Creek Watershed 
Rotation Slope Rota­
tion 
Ante- Soil Slope 
ced- type length 
ent 
ero­
sion 
No fertilizer Fertilized 
B® Cd B® 
Ter-® 
pd race 
silt-
ation 
rate 
Monona, 2-4.9^ slope, slight to moderate erosion 
c 0.3 4.0 0.8 1.25 3.8 31.9 16.0 1.7 22.3 11.2 1.2 5.5 
CCOs 0.3 2.0 0.8 1.25 3.8 16.0 8.0 0.8 11.2 5.6 0.6 2.8 
CSbCOM 0.3 1.5 0.8 1.25 3.8 12.0 6.0 0.6 8.4 4.2 0.4 2.1 
CCOM 0.3 1.4 0.8 1.25 3.8 11.2 5.6 0.6 7.8 3.9 0.4 1.9 
com 0.3 0.6 0.8 1.25 3.8 4.8 2.4 0.2 3.4 1.7 0.2 0.8 
COMMMM 0.3 0.3 0.8 1.25 3.8 2.4 1.2 0.1 1.7 0.8 0.1 0.4 
^Computed by using the horizontal interval between terraces as the slope 
length factor. Terrace siltation rates were used in estimating terrace maintenance 
costs. See Appendix D. 
^No conservation. 
^Contoured. 
terraced. 
Table 36 (Continued) 
Rotation Slope Rota­ Ante­ Soil Slope No fertilizer Fertilized Ter-® 
tion ced­ type length A* c& At B* c^ race 
ent silt-
ero­ ation 
sion rate 
Monona , 5-8. 9# slope, slight to severe erosion 
C 0.7 4.0 1.0 1.25 3.0 73.5 36.8 4.2 51.4 25.8 2.9 l4.o 
CCOs 0.7 2.0 1.0 1.25 3.0 36.8 18,3 2.1 25.8 12.9 1.4 7.0 
CSbCOM 0.7 1.5 1.0 1.25 3.0 27.6 13.8 1.6 19.3 9.7 1.1 5.2 
CCOM 0.7 1.4 1.0 1.25 3.0 25.8 12.9 1.4 18.1 9.0 1.0 4.9 
COMM 0.7 0.6 1.0 1.25 3.0 11.1 5.5 0.6 7.8 3.8 0.5 2.1 
COMMMM 0.7 0.3 1.0 1.25 3.0 5.5 2.8 0.3 3.8 2.0 0.2 1.1 
Monona , 9-13 .9# slope, moderate to severe erosion 
C 1.4 4.0 1.0 1.25 1.8 88.2 44.1 7.6 61.7 30.9 5.3 25.5 
CCOs 1.4 2.0 1.0 1.25 1.8 44.1 22.0 3.8 30.9 15.4 2.7 12.7 
CSbCOM 1.4 1.5 1.0 1.25 1.8 33.0 16.5 2.9 23.1 11.6 2.0 9.5 
CCOM 1.4 1.4 1.0 1.25 1.8 30.9 15.4 2.7 21.6 10.8 1.8 8.9 
COMM 1.4 0.6 1.0 1.25 1.8 13.2 6.6 1.2 9.2 4.6 0.8 3.8 
COMMMM 1.4 0.3 1.0 1.25 1.8 6.6 3.3 0.6 4.6 2.3 0.4 1.9 
Monona , 14-17.9# 1 slope, moderate to severe erosion 
C 2.3 4.0 1.0 1.25 1.2 96.6 48.3 12.1 67.6 33.8 8.5 40.2 
CCOs 2.3 2.0 1.0 1.25 1.2 48.3 24.2 6.1 33.8 16.9 4.2 20.2 
CSbCOM 2.3 1.5 1.0 1.25 1.2 36.3 18.1 4.6 25.4 12.7 3.2 15.1 
CCOM 2.3 1.4 1.0 1.25 1.2 33.8 16.9 4.2 23.7 11.8 3.0 14.1 
COMM 2.3 0.6 1.0 1.25 1.2 14.5 7.3 1.8 10.2 5.0 1.2 6.1 
COMMMM 2.3 0.3 1.0 1.25 1.2 7.3 3.6 0.9 5.1 2.5 0.7 3.0 
Table 36 (Continued) 
Rotation Slope Rota­ Ante­ Soil Slope No fertilizer Fertilized Ter-® 
tion ced­
ent 
ero­
sion 
type 
V_ 
length BC cM Ab BC ca race 
silt-
ation 
rate 
Marshall, 2-4.9* 1 slope, 1 slight to severe erosion 
C 0.3 4.0 1.0 1.0 3.8 31.9 16.0 1.7 22.3 11.2 1.2 5.5 
CCOs 0.3 2.0 1.0 1.0 3.8 16.0 8.0 0.8 11.2 5.6 0.6 2.8 
CSbCOM 0.3 1.5 1.0 1.0 3.8 12.0 6.0 0.6 8.4 4.2 0.4 2.1 
CCOM 0.3 1.4 1.0 1.0 3.8 11.2 5.6 0.6 7.8 3.9 0.4 1.9 
COMM 0.3 0.6 1.0 1.0 3.8 4.3 2.4 0.2 3.4 1.7 0.2 0.8 
COMMMM 0.3 0.3 1.0 1.0 3.8 2.4 1.2 0.1 1.7 0.8 0.1 0.4 
Marshall, 5-8.9* 1 slope, 1 slight to severe erosion 
C 0.7 4.0 1.0 1.0 3.0 58.8 29.4 3.3 41.2 20.6 2.4 11.2 
CCOs 0.7 2.0 1.0 1.0 3.0 29.4 14.7 1.7 20.6 10.3 1.2 5.6 
CSbCOM 0.7 1.5 1.0 1.0 3.0 22.0 11.1 1.3 15.4 7.7 0.9 4.2 
CCOM 0.7 1.4 1.0 1.0 3.0 20.6 10.3 1.2 14.4 7.2 0.8 3.9 
COMM 0.7 0.6 1.0 1.0 3.0 8.8 4.4 0.5 6.2 3.1 0.3 1.7 
COMMMM 0.7 0.3 1.0 1.0 3.0 4.4 2.2 0.2 3.1 1.5 0.2 0.8 
Marshall, 9-13.9* slope, slight to severe erosion 
C 1.4 4.0 1.0 1.0 1.8 70.6 35.3 6.1 49.4 24.7 4.3 20.4 
CCOs 1.4 2.0 1.0 1.0 1.8 35.3 17.6 3.1 24.7 12.3 2.1 10.2 
CSbCOM 1.4 1.5 1.0 1.0 1.8 26.5 13.2 2.3 18.6 9.2 1.6 7.6 
CCOM 1.4 1.4 1.0 1.0 1.8 24.7 12.3 2.1 17.3 8.7 1.5 7.1 
COMM 1.4 0.6 1.0 1.0 1.8 10.6 5.3 0.9 7.4 3.7 0.6 3.1 
COMMMM 1.4 0.3 1.0 1.0 1.8 5.3 2.7 0.5 3.7 1.9 0.3 1.6 
Table 36 (Continued) 
Glenwood, 5-8.9^ slope, slight to severe erosion 
C 0.7 4.0 1.0 1.25 3.0 73.5 36.8 4.2 51.4 25.8 2.9 14.0 
CCOs 0.7 2.0 1.0 1.25 3.0 36.8 18.3 2.1 25.8 12.9 1.4 7.0 
CSbCOM 0.7 1.5 1.0 1.25 3.0 27.6 13.8 1.6 19.3 9.7 1.1 5.2 
CCOM 0.7 1.4 1.0 1.25 3.0 25.8 12.9 1.4 18.1 9.0 1.0 4.9 
COMM 0.7 0.6 1.0 1.25 3.0 11.1 5.5 0.6 7.8 3.8 0.5 2.1 
COMMMM 0.7 0.3 1.0 1.25 3.0 5.5 2.8 0.3 3.8 2.0 0.2 1.1 
Glenwood, 9-13.9^ slope, slight to severe erosion 
C 1.4 4.0 1.0 1.25 1.8 88.2 44.1 7.6 61.7 30.9 5.3 25.5 
CCOs 1.4 2.0 1.0 1.25 1.8 44.1 22.0 3.8 30.9 15.4 2.7 12.7 
CSbCOM 1.4 1.5 1.0 1.25 1.8 33.0 16.5 2.9 23.1 11.6 2.0 9.5 
CCOM 1.4 1.4 1.0 1.25 1.8 30.9 15.4 2.7 21.6 10.8 1.8 8.9 
COMM 1.4 0.6 1.0 1.25 1.8 13.2 6.6 1.2 9.2 4.6 0.8 3.8 
COMMMM 1.4 0.3 1.0 1.25 1.8 6.6 3.3 0.6 4.6 2.3 0.4 1.9 
Glenwood, 14-17.9# slope, slight to severe erosion 
C 2.3 4.0 1.0 1.25 1.2 96.6 48.3 12.1 67.6 33.8 8.5 40.2 
CCOs 2.3 2.0 1.0 1.25 1.2 48.3 24.2 6.1 33.8 16.9 4.2 20.2 
CSbCOM 2.3 1.5 1.0 1.25 1.2 36.3 18.1 4.6 25.4 12.7 3.2 15.1 
CCOM 2.3 1.4 1.0 1.25 1.2 33.8 16,9 4.2 23^7 11.8 3.0 14.1 
COMM 2.3 0.6 1.0 1.25 1.2 14.5 7.3 1.8 10.2 5.0 1.2 6.1 
COMMMM 2.3 0.3 1.0 1.25 1.2 7.3 3.6 0.9 5.1 2.5 0.7 3.0 
Table 36 (Continued) 
Rotation Slope Rota­ Ante­ Soil Slope No fertilizer Fertilized Ter-® 
tion ced­
ent 
ero­
sion 
type length At Ab gc gd race 
silt-
ation 
rate 
Shelby-Adair-Clsrlnda, 9-13.9^ slope, moderate to severe erosion 
C 1.4 4.0 1.0 1.25 1.8 88.2 44.1 7.6 61.7 30.9 5.3 25.5 
CCOs 1.4 2.0 1.0 1.25 1.8 44.1 22.0 3.8 30.9 15.4 2.7 12.7 
CSbCOM 1.4 1.5 1.0 1.25 1.8 33.0 16.5 2.9 23.1 11.6 2.0 9.5 
CCOM 1.4 1.4 1.0 1.25 1.8 30.9 15.4 2.7 21.6 10.8 1.8 8.9 
COMM. 1.4 0.6 1.0 1.25 1.8 13.2 6.6 1.2 9.2 4.6 0.8 3.8 
COMMMM 1.4 0.3 1.0 1.25 1.8 6.6 3.3 0.6 4.6 2.3 0.4 1.9 
Dow, 9-13 ,9% slope, moderate to severe erosion 
C 1.4 4.0 0.8 1.5 1.8 84.7 42.4 7.3 59.3 29.7 5.1 24.5 
CCOs 1.4 2.0 0.8 1.5 1.8 42.4 21.1 3.7 29.7 14.8 2.6 12.2 
CSbCOM 1.4 1.5 0.8 1.5 1.8 31.8 15.9 2.8 22.3 11.1 2.0 9.2 
CCOM 1.4 1.4 0.8 1.5 1.8 29.6 14.8 2.5 20.7 10.4 1.8 .8.6 
COMM 1.4 0.6 0.8 1.5 1.8 12.7 6.3 1.1 8.9 4.4 0.8 . 3.6 
COMMMM 1.4 0.3 0.8 1.5 1.8 6.4 3.2 0.6 4.5 2.2 0.4 1.8 
Ida and Dow, 9-13.9# slope, severe erosion 
C 1.4 4.0 1.3 1.5 1.8 137.6 68.8 11.9 96.3 48.2 8.3 39.8 
CCOs 1.4 2.0 1.3 1.5 1.8 68.8 34.4 6.0 48.2 24.1 4.2 19.9 
CSbCOM 1.4 1.5 1.3 1.5 1.8 51.6 25.8 4.5 36.1 18.1 3.1 14.9 
CCOM 1.4 1.4 1.3 1.5 1.8 48.2 24.1 4.2 33.7 16.9 2.9 13.9 
COMM 1.4 0.6 1.3 1.5 1.8 20.6 10.4 1.8 14.4 7.2 1.3 6.0 
COMMMM 1.4 0.3 1.3 1.5 1.8 10.3 5.2 0.9 7.2 3.6 0.6 3.0 
Table 36 (Continued) 
Rotation Slope Rota- Ante- Soil Slope No fertilizer Fertilized Ter-® 
tion ced- type length go gc gd race 
Dow, 14-17.9^ slope, slight to moderate erosion 
C 2.3 4.0 0.8 1.5 1.2 92.8 46.3 11.6 65.0 32.5 8.1 38.6 
CCDs 2.3 2.0 0.8 1.5 1.2 46.3 23.2 5.7 32.4 16.2 4.1 19.3 
CSbCOM 2.3 1.5 0.8 1.5 1.2 34.8 17.4 4.3 24.4 12.2 3.0 l4.5 
CCOM 2.3 1.4 0.8 1.5 1.2 32.5 16.2 4.1 22.8 11.3 2.8 13.5 
COMM 2.3 0.6 0.8 1.5 1.2 13.9 7.0 1.7 9.7 4.9 1.2 5.8 
COMMMM 2.3 0.3 0.8 1.5 1.2 6.9 3.5 0.8 4.8 2.4 0.6 2.9 
